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1959. Journal Paper 
Experiment 


thesis 


st MMARY 


Susceptibility of developing apple fruits te in- 
fection by Botryosphaeria ribis, Glomerella cingu- 
lata, Neofabraea malicorticis, and Physalospora 
obtusa varies markedly with stage of development. 
Intact immature fruits treated 
hydrazide on the tree to inhibit respiration, and 
immature fruits picked and treated with 
ethvlene to stimulate respiration. Both treatments 
earlier than normal occurrence of 
the respiratory increase (climacteric), with all inoc- 
ulated fruits becoming infected at the time of the 
climacteric respiration rise. Ethylene and maleic 
hydrazide may be acting as selective inhibitors al 
lowing enough carbohydrate accumulation to  per- 
mit growth of the pathogen earlier than normal. 
Golden Delicious. Rome Beauty. and Grimes Golden 
fruits infused with fructose and sucrose and inocu- 
weeks earlier 


were with maleic 
were 


resulted in an 


> 


lated 2 davs later became infected 3 


than untreated fruits. Infusion of tannin failed to 
delay infection. The lack of critical concentration 
of a compound such as sucrose or fructose, appears 
to be involved in immature fruit resistance. The 
changes in the chemical constitution of the fruit 


the 
important. If 

then inhibition 
in the concentration of carbohydrate 


climacteric rise in respiration are 
inhibitory 


indus ed by 


compounds are present, 


is easily overcome by an increase 





\s previeusly reported (3). Botryosphaeria ribis 
Gross. & Dug. causes a rot of ripe fruit of various 
apple varieties. Immature fruits resist development 
of rot. following infection, until about the first week 
of August, when they become fully susceptible. This 


the natural occurrence of 


is approaching 


delay of 


fruit 


characteristi oft 
fruit rot the 


associated with several organisms. 


until maturity is 
Apparently, physi- 
ological changes during fruit development contribute 
to increasing susceptibility to fruit ret. This paper re 
ports attempts to determine the importance of selected 
physiological factors on the onset of susceptibility of 


apple fruits to rotting by B. ribis, Glomerella cingulata 


( Atk.) Spauld & von Schrenk. Physalospora obtusa 
(Schw.) Cke.. and Neotabraea matlicorticits (Cordlev) 
Jacks. Greatest emphasis in all studies was placed 


on the fruit rot caused by B. ribis. 


Materials and methods. 
studies. 


In the fruit respiration 
respiration was inhibited by applying the Na 
hvdrazide to tree-attached fruits with a 
Dreft 


The ethylene used in the respiration acceler- 


salt of maleic 
2-gal. Hudson 


spreader 


hand sprayer. was used as a 


ation studies was obtained directly from ripened Rome 


PHYTOPATHOLOGY 


Station, 
submitted by the 
as partial requirement for fulfillment of the 


FACTORS AFFECTING 
APPLE FRUIT TO ROTTING BY FUNGUS PATHOGENS 


THE ONSET OF SUSCEPTIBILITY 


and J. R. Shay 


for January (50:1 


Q] 


-VO) 


fruits (2). The test fruits and the ethylene- 
producing fruits were placed in large ventilated con- 
KOH solution and allowed to stand 


At this time a predetermined number of 


Beauty 


tainers over a 15% 
for 7 days. 
fruits were inoculated, and the remainder were used 
the dioxide 
measuring the 
rate. with a 

built the 
design of Claypool and Keefer (1). A 24-hour equi- 
iibretion 7° ° “at 72°F was allowed before the first 
Results tee pocorded as it CO. kg 


to determine respiration rate. Carbon 


evolution was used as a means of 


respiration Measurements were made 


respirometer and calibrated according to 


measui ment, 


hour. 


Tree-attacued fruits were infused with colutions of 
selected organic compounds through spur leaf petioles. 
Vials containing the test solution were attached to the 
fruit spurs by means of light-weight wire. Leaf blades 
were removed from 3—4 leaves per spur, and the spur 
was bent so that the petioles dipped into the liquid. 
Vial tops were plugged with unabserbent cotton to 
the 
mained in the test solution for 24 hours to allow up- 
take. the the 


fruits on that spur were inoculated. 


prevent excessive evaporation, and petioles re- 


Two days after vials were removed, 

Two methods of inoculation were used: 1) pricking 
the fruit surface, then dipping the entire fruit into a 
spore-mycelial suspension; and 2) cutting a pyramid 
of tissue out of the cheek of the fruit with a scalpel. 
inserting a bit of mycelium, and replacing the pyramid; 
petrolatum on the cut prevented drying. 


Results. 


respiration of growing fruits. 


Relation of fruit rot susceptibility to 
Field observations and 
artificial inoculation trials in previous years suggested 
that the 


by B. ribis occurs is about 


when natural fruit-rotting 
the first week of August. 
It was of interest to know the relation of the onset of 


date in summer 


susceptibility to the respiration sequence of the de- 
veloping fruits. 

1956 
Delicious, 


fruit-bearing limbs of 
Beauty 
trees were sprayed at weekly intervals with 100 ppm 


Beginning on June 15. 


Grimes Golden, Golden and Rome 


of the Na salt of maleic hydrazide to inhibit respi- 
ration (4). Inoculations were made 3 days after spray- 
ing. As shown in Table 1. sprayed fruits developed 


macroscopic symptoms 1-2 weeks before untreated 
fruits. On both treated and untreated fruits, infection 
occurred at or just before the climacteric rise in respi- 
ration, 


Beginning on June 15, 1956, fruits were picked at 
weekly August 24 


cators in the laboratory, and treated with ethylene as 


prescribed by Hansen and Hartman (2) 


intervals through placed in desic- 
to stimulate 


respiration. Seven days later the fruits were removed 


and divided into two lots. One lot was inoculated with 
B. ribis and the other was placed in the respirometer 
and the respiration rate determined. Freshly harvested 
January 25, 1960 


was issued 
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at eres respiration of fruits of 3 apple varieties after treatment with maleic hydrazide and inte fion 
Respiration rate (mg CO, kg lr.) 
Date of Golden Delicious Grimes Golden Rome Beauty 
Sampling Treated Control Treated Control Treated Control 
June 21 ) 29 8 29 360 
27 : 2 10 7 lo 26 
July > ) 12 y 28 13 12 
12 8 7) 23 ll 12 
12 81 *) 12 | 10 
4 y | 6(*) 10 2(*) 4 
August ; ! ) 5(*) 1O1*) 5 *) 7(*) 
I( ) ) } 7 ) Ri ) >! ) 1Oi*) 
17 ) 61*) O61 *) 12(*) Qi *) 14(*) 
1 { ) denotes Dositive intection 
fruits, picked on the day that respiration determina In 1957, the relationship between respiration se- 
tions began, were use controls, Treated fruits be- quence and fruit rot susceptibility to the other 3 patho- 
came infected some 30 days before untreated field con- — gens was determined on fruits of the early-ripening 





























trols, and again infection o irred at the start of the 
climacteric rise in respiration Fig. ] 

Additional studies were made to explain the 30-day 
difference between field controls and ethvylene-treated 
fruits. The respiration rates of detached Rome Beauty, 
Grimes Golden. Golde Delicious. and Yellow Trans- 
parent fruits were determined every other day for a 
10-day period T hie iruits were picked June 17 1956, 
and except for those ised = controls, they were placed 
in an atmosphere contail ethylene. Control fruits 
were held under similar conditions but without ex- 
posure to ethylene. Two fruit samples were withdrawn 
every other day. One sample of 25 fruits was used 
to determine the respiration rate. The other, usually 
consisting of 6 fruits. was inoculated with B. ribis and 
held in the laboratory The effect of the ethvlene on 
all 4 varieties was to condense the seasonal respiration 
sequence into a single weel In all cases. infection by 
B. ribis occurred at or near the lowest point of the 
condensed respiration sequence (Fig. 2) 
so a 
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DATE OF SAMPLING 


variety Yellow Transparent. Beginning on May 27, all 
t fungi were inoculated into attached fruit at weekly 
intervals. B. ribis and G. cingulata produced positive 
infection results at the start of the climacteric rise, and 
week the 


obtusa did not produce 


\. malicorticis infected fruits a later, at 
peak of the climacteric rise. P. 
any rotting of Yellow Transparent fruits. 

Effects on fruit rotting by B. ribis of infusing fruits 
nutritional 


with selected organic compounds.—Earlier 


studies by the authors (unpublished data) indicated 
that certain chemical compounds in apple fruits were 
the 


compounds 


earbon sources by four fruit-retting 


but that 


Beginning on June 1, 


utilized as 


organisms othe were not so 


utilized. 1956, 10 organic com- 
pounds utilized by B. ribis in earlier cultural studies 


maltose, starch, 


(sucrose, tructose, tyrosine. aspara- 
vine, ascorbic acid, citric acid, and malic acid) were 
infused by wav of the spur leaf petioles, into fruits 


on trees at weekly intervals. Fruits of Grimes Golden, 

















Golden Delicious. and Rome Beauty were inoculated 
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Fig. 1-2. Comparison of respiration rates and onset of susceptibility to B. ribis fruit rot between ethylene-treated and 


untreated fruits. 1) Harvested at weekly intervals; 2) 


harve ste d 


June 18, 1956, 





i() 


eter ts 


Februray. 1960 McC MEEKIN: DOWNY 


» days after infusion. In all varieties, infusion with 
sucrose and fructose permitted extensive tissue invasion 
by the organism about 20 days before untreated fruits 
(July 15 vs. August 8). The failure of the other 
organi compounds to be active may have been due to 
lack of absorption. 

Beginning on July 25, 1956, six of the organic com- 
pounds not utilized as carbon sources by B. ribis in 
culture were infused at weekly intervals into develop- 


ing fruits of Grimes Golden, Golden Delicious, and 


Rome Beauty. These were arginine, inositol, lactic 


None of the 


compounds delaved or accelerated onset of fruit rot 


acid. oxalic acid, thiamine. and tannin. 


susceptibility. 
Discussion. 
critical time for fruit infection by the four pathogens. 


Respiration investigations reveal a 


In all trials, infection occurred at or immediately pre- 
ceding the climacteric rise for both treated and un 
treated fruits—the climacteric occurring earlier in 
treated fruits. The agents used for “stimulation” and 
inhibition may actually have had an inhibitory effect. 
Maleic hydrazide may have inhibited dehydrogenases, 
and ethylene may have acted as a phosphate uncoupler. 
The inhibitory action of the two agents may allow the 
accumulation of a more suitable energy substrate for 
this organism. 

At any one time in any one cell or group of cells 
there is probably enough sucrose or fructose to stimu- 
late organism growth, provided it isn’t all being used 
by the fruit as building material or as a source of 
energy. Addition of fructose or sucrose to the fruit 
may have shifted the equilibrium toward an earlier 
occurrence of a threshold value than occurs in normal 
breakdown of starch as fruit ripens. This effect is 
markedly noticeable in the infection of immature fruit 
Because maleic hydrazide 


treated with ethylene. 


merely hindered respiration, sugar accumulation did 
not reach a threshold value as rapidly as when sugar 
was fed by infusion. Early in fruit development most 
of the sugar is used as a source of energy, but at the 
onset of the climacteric enough sugar accumulates 
for use by B. ribis and the other pathogens as a source 


of energy. Sucrose may then be the one important 


THE ROLE OF 


THE OOSPORES OF 
DOWNY MILDEW 
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general carbohydiate, particularly after the start of 
the climacteric rise. 

lannin’s failure to delay field infection was probably 
because the natural concentration of sugars was high 
enough to overcome any deleterious tannin effects. 
In vitro studies indicated that tannin inhibition was 
reversed upon the addition of increasing amounts of 
fructose. Likewise. it is known that tannin concentra- 
tion decreases as the fruit matures. Thus tannin may 
be important in immature fruit only by virture of its 
relatively high concentration as related to the lew 
available carbohydrate concentration. However. since 
the tannin used was a crude extract ( Nutritional Bio- 
chemicals Company, Cleveland, Ohio) we must make 
a qualified assumption that it is similar in structure 
and physiological activity to the tannin actually present 
in fruit. We do not know enough either of the chemis- 
try of these complex naturally occurring glycosides 
stability during extraction 


or of their structural 


processes, 


The climacteric rise in respiration, accompanied by 
changes in chemical constitution of the fruit, is a 
critical time for establishing the 4 fruit-rotting patho- 
gens. Lack of a critical concentration of a compound 
such as sucrose appears to be involved in immature 
fruit resistance. If inhibitory compounds are present, 
they are in small enough concentration to be easily 
overcome by an increase of carbohydrate content.— 
Department of Botany and Plant Pathology, Purdue 
University, Lafayette. Indiana. 
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SUMMARY 


Oospores of Peronospora parasitica were found 
in abundance in field-grown Brassica oleraceae 
vars. botrytis and caplttata (broccoli and cabbage). 
Studies of the influence of light, temperature, sus- 
cept age, and suscept nutrition on oospore forma- 
tion indicated that conditions favoring senescence 


of the leaf favored oospore tormation. provided both 
antheridial and oogonial strains were present. The 
antheridia were found to be tendril-like and more 
complex than has been indicated in previous de- 
scriptions of this organism. Maintenance of the 
fungus on plants under controlled laboratory con- 
ditions tended to either antheridial or 
oogonial strains, but neither type more often than 
the other. (Attempts to induce germination of 
oospores were unsuccessful, although changes in 
the permeability of the oospore wall were observed. 


select 
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Fig. Bs The formatio ~ oogonia and 
Peronospora parasitica it ihbbage cotyledons. 
hyphae whose origins « 1 not be traced or 


B) the antheridial hypha. C) Oogonium. D) 
with penetration tube. E) End of the antheridial hypha. 
F) Oogonial hyphae, which leave the field and ¢ 
afterward. G) Haustoria 
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The downy mildew fungus (Peronospora parasitica 
(Pers.) ex Fr.) has been frequently reported on cab- 
bage, cauliflower, and broccoli in the United States in 
recent years. Oospores are the most likely means of 
survival from one growing season to the next, for 
P. parasitica has never been shown to be other than 
an obligate parasite. and the common cruciferous 
weeds have proved resistant to the strains of this 
organism found on Brassica oleraceae L. (5, 6, 13). 
Reports of oospores In the field are few: Lebeau and 
Pickard (9) reported that oospores were abundant in 
the cotyledons, and sparse in the true leaves, of field- 
grown cabbage in Mississippi. 

If oospores are indeed a major source of infection 
in the field, they should be fairly abundant in the true 
leaves of field-grown plants. A search was therefore 
made, and thousands of oospores were found during 
the summer and fall in the necrotic and chlorotic 
tissue of broccoli and cabbage leaves grown near 
Ithaca, N. Y. The green portions of the same leaves did 
not contain oospores, 

If the oospore is the sole means of survival of P. 
parasitica, the factors favoring formation and germi- 
nation deserve consideration. Oospores were first 
observed by me in see!lnzs inoculated with conidia 
from the field. These plants had been removed from 
the controlled temperature chambers (18 C, 80 ft-e 
light) to reom light and temperature 2 days after 
inoculation because of failure of the refrigeration sys- 
tem. After 5 days under these conditions the oogonia 
and antheridia shown in Figure 1 were observed. Thus 
the environmental conditions and the source of conidia 
may have influenced oospore formation. 


General methods.— The Danish Ballhead cabbage 
seedlings used throughout these experiments were 
grown on a laver of 1°) agar plus Hoagland’s No. 2 
solution (7) in the bottoms of Stentor dishes or in 
test tubes. When test tubes were used, the cotton plug 
was replaced at the time of inoculation with a piece of 
plastic secured by a rubber band. The seeds were 
surface-treated for 5 minutes with 10°; Clorox (514% 
sodium hypochlorite ) and placed on the. sterilized 
agar medium. The seedlings were grown under labo- 
ratory light and temperature conditions for about 14 
davs. after which period the cotyledons had expanded 
but the true leaves had not vet formed. Seedlings thus 


grown showed no signs of oxygen deficiency. 


Inoculations were made with a dropper. using 
conidial suspensions obtained by brushing the conidia 
from infected leaves into water. The source leaves 
were leaves taken directly from the field or cotyledons 
inoculated previously with conidia collected from the 
field. Unless otherwise indicated. the material used 
throughout these experiments was collected at Albion, 
Ithaca. Geneva, and Lyndonville. N. Y. Collections 
were maintained in “culture” by repeated transfers 
to the cotvledons of cabbage seedlings grown in the 
manner described above. These “ ultures” were kept 
at 18 + 2 C in temperature chambers with 80 ft-c of 
continuous light supplied by fluorescent tubes. Al- 
though this intensity was low. seedlings could and did 
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survive for over 6 months; the terminal leaves re- 
mained dark green. 

Cabbage and broccoli leaves containing oospores 
were collected in October and were allowed to decay 
in closed containers at 15°C. This material was used 
for the oospore germination and infection studies. 

VUospore formation was observed in whole coty- 
ledons cleared in Carnoy’s No. 2 solution (8) and then 
stained and mounted in 0.56 cotton blue in lacto- 
phenol. Leaves from the field were freed of chloro- 
phyll and wax with 95°, ethanol and further cleared 
with 3 KOH. These pieces of leaves were mounted 
in « lear lac tophenol. 

Inoculations with conidia from laboratory 
“cultures.”°——Stentor dishes, each containing 10 7- 
day-old cabbage seedlings. were placed in either 80 or 
8 ft-e of light at 18°C. Seven days later. half of the 
plants in each group were inoculated with conidia from 
the above-mentioned sources that had been kept in 
“culture The rest of the plants were kept as checks. 
The plants were returned to their respective light 
conditions and examined 2 weeks later. Chlorophyll 
formation and fungal growth were greater at the 
higher than the lower light intensity; presumably. 
light affected fungal growth by affecting the amount of 
food produced. No oOos pores formed under either con- 
dition. It was thought possible that the organism 
would produce oospores if given a period of vegetative 
growth at high light before being placed in low light 
to limit the amount of food available. Consequently, 
some of the plants that had been in 80 ft-e of light 
and showed good vegetative fungal growth were trans- 
ferred to low light for 10 days: no oospores formed 
under these conditions either. This was repeated, with 
similar results. 

The previous experiment was repeated, except that 
l4-day-old seedlings were grouped not only under 
high and low light intensity but also at different tem- 
peratures after inoculation. Plants were kept at 18, 
5 C. or temperatures that alternated between 18 and 
5 in 24-hour eveles. Ten days after inoculation, no 
oospore formation was observed. 

In a third experiment, similar to the first except 
that plants of various ages were inoculated, the plants 
were examined 10 days after inoculation. In general 
conidial formation was better on the younger seedlings 
than on the older, but no oospores formed. 

Inoculations with conidia collected directly 
from field plant.—The absence of oospore formation 
in the preceding experiments indicated that something 
more basic than seedling age. light. and temperature 
is invelved in oospore formation. In 2. preliminary 
tests. oospores had been produced in cotyledons when 
conidia from Ithaca and Albion broccoli were used 
directly from the field. Oogonia and antheridia formed 
7 days after inoculation with these conidia (Fig. 1 
Subsequent transfers from “cultures” of these produc ed 
no oospores. Therefore some of the prec eding ex peri- 
ments were repeated, and additional tests were made 
with conidia collected in the field 

Light conditions.—An experiment like the third one 
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described in the preceding section was repeated with 
conidia collected in the field. Inoculation ot both 20- 
and 40-day-old cabbage seedlings resulted in oospore 
formation in plants under 80 ft-c of light but not under 
8 ft-c. Conidia formed in all inoculated plants, but 
more abundantly at the higher than at the lower light 
intensity. The age of the plants had no effect on 
conidial or oospore tormation. There was no decline 
in the number of conidia formed where oospores were 
present as compared with the plants where oospores 
did not form. 

Host nutrition.—Cabbage seedlings were grown for 
18 days in washed sand in Stentor dishes containing 
either the full nutrient solution (No. 2) or solutions 
deficient in nitrogen, phosphorus, or potassium as de- 
scribed by Hoagland and Arnon (7). At this time 
the seedlings at low N, P, or K showed typical defi- 
crency symptoms. The seedlings were inoculated with 
conidia collected from a field near Ithaca and held 
after inoculation for 17 days at 18 C; half were given 
8 ft-c of light and the other half 80 ft-c. 

Conidia were more abundant under 80 than under 
8 ft-c, but oospores formed in both instances (Table 
1). At 8 ft-e oospores formed in all seedlings except 
these grown on the complete nutrient solution. At 
80 ft-c oospores formed in plants deficient in N or 
K but not in plants deficient in P or grown in the 
complete solution. When the experiment was repeated 
with seedlings inoculated with conidia from laboratory 
“cultures.” no oospores formed. 

Restoration of cultures,— The fact that oospores 
formed when conidia from the field were used but not 
when conidia from “culture” were used suggested that 
the culture method selected either antheridial or 
oogonial strains. De Bruyn (3) has shown that P. 
parasitica is heterothallic. Consequently, the various 
cultures were crossed. Conidia from a pair of “cul- 
tures” were mixed and used in inoculating 14-day-old 


Pane | The formation of oospores and conidia of Perono- 
spora parasitica in cabbage seedlings grown under 
various conditions of light and nutrition and inocu- 
lated with conidia directly from the field 


( hlorophyll 


Light formation Conidial Oospore 
intensity Inoc L ninoe forma-  forma- 
Medium (ft-c) ulated ulated tion’ tion® 

Full Nutrient 80 2 3 3 
8 ) ) ») 
Minus P 80 2 ; ; 
bs ) ) , 
Minus K 80 2 } 5 
8 ) ) ) 
Minus N 80 2 3 } 
fi ) , ) 
o « = _ 


Ten plants were used for each treatment; the plants 
were inoculated when they were 18 days old; data were 
recorded 17 davs after inoculation. 

] slight, 2 medium, 3 

l a few, 2 several, 3 many. 

No spores were formed in the uninoculated plants. 


abundant. 


present absent 





cabbage seedlings. The inoculated seedlings were kept 
for 17 days at 18 C under 80 ft-e of light. The 6 pos- 
sible crosses were made from the following “cultures”: 
1) from broccoli stalks (Albion); 2) 
leaves (Albion); 3) leaves (Varna); 


from broccoli 
from cabbage 





and 4) from broccoli leaves (Lyndonville). 
1x3, 1X4, and 


No attempt was made to determine which of 


Oospores 
formed from the following crosses: 
2x 4, 
these strains were antheridial and which were oogonial. 

Development of antheridial and oogonial 
structures, 
separate hyphae (Fig. 1) 
heterothallic The antheridia 
pictured here are different from those previously pic- 
tured (1,15). 
idium of the paragynous type arising from the same 


The antheridia and oogonia arise from 
which is consistent with the 
nature of P. parasitica. 
The earlier illustrations show an anther- 


hypha as the oogonium. It is mentioned that the 
(15). In 
neither of these accounts was there a description of 


antheridia may arise from another hypha 
the long tendril-like antheridia observed here. Both of 
these previous studies were of P. parasitt aon Capsella 
bursa-pastoris (L.) Medic (shepherd's purse). 
Germination and infection tests with oos- 
pores. 


washed several times by centrifugation; the oospores 


Half of the material containing oospores was 


settled with the leaf material, and it was not possible to 
separate them from it. The other half was left un- 
washed. Samples of each, in stoppered glass vials. 
were placed for 5 months at the following temperatures 
(2): —10,; 3.6, 9; 12: 15,;. 18, ZL 24, and 27°C. 
Others were alternated frequently between —10° and 
15 

Oospores from the decayed leaf material subjected 
to the above temperatures were tested for germination 


by placing a few drops on various media in Petri 


¢ 


plates. The media were made by adding 5 ml of 4 
agar to 5 ml of either dung infusion (2 g¢ “Bovung.” 
a dehydrated cow manure. suspended in 100 ml water 
1, hour, then filtered), 0.04 


and steamed for potas- 


sium permanganate, or a leachate of soil in’ which 


cabbage plants had been growing. The dung and 
KMnQO, preparations were sterilized in the autoclave 
before use. A water agar series was included. The 
inoculated plates were placed at 15 C and examined 
10 days later by scanning the Petri plate under the 
low power of the microscope. Oospores that seemed 
changed were picked out and mounted in cotton blue 
in lactophenol. 

The protoplasm of many of the oospores kept at 
[GO 28, OF 2c ' 


wall and broken into small units. 


was pulled away from the oospore 
At the intermediate 
temperatures. fewer than |] of the oospores treated 
KMnO, 
the permeability of 
No ( hanges 
were observed in those oos pores placed in water alone. 
The wall of 3 oospores treated with KMnO, had been 


broken in several places 


with dung infusion. soil leachate. o1 


stained with cotton blue: 


were 
hence. 


the oospore wall to this stain was changed 


ind the protoplasm seemed 
to have emerged partially : nothing resembling a germ 
tube was seen. 


The abilitv of the oospores subjected to different 
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temperatures to cause infection was determined by 
inoculation of cabbage seedlings. Drops of a 1:1 mix- 
ture of the material containing the oospores and either 
dung infusion, 0.04% KMnO,, or soil leachate were 
placed on the cotyledons. Four plants were inoculated 
for each treatment and temperature. The plants were 
plastic bags, placed at 20°C, and 
infection 10 days later. The plants 


covered with 
examined for 
remained healthy. 

Soil was collected in the spring from under cab- 
bage and broccoli plants that were known to contain 
P. parasitica oospores during the previous growing 
season. The leaves of these plants rotted in the soil 
throughout the winter and presumably the soil con- 
tained oospores. Cabbage seed was planted in this 
soil, but after 2 months the cabbage was not infected. 

Discussion.—The hypothesis that oospores are the 
means by which P. parasitica survives from one grow- 
ing season to the next may be correct since oospores 
are formed in abundance in the field throughout the 
growing season. It appears that oospore formation 
is favored by any condition that induces senescence 
of the suscept leaf. The greater ease of finding them 
in cotyledons than in the true leaves supports this, 


Also, 


oospores were found in abundance in chlorotic and 


for the cotyledons are short-lived structures. 


necrotic areas of leaves, but not in green areas. The 
idea is further supported by the finding that oospore 
formation is favored by deficiencies of P, K, or N. 
Although conditions in the fall of the year favor the 
death of leaves, and thus oospores, factors such as 
mineral deficiency throughout the growing season will 
also produce senescent leaves. Any program in the fall 
for removing dead leaves would probably be of little 
value since leaves would have been rotting throughout 
the summer, leaving many oospores in the soil. 

The role of light is still somewhat obscure. In all 
experiments, light intensity was relatively low, 80 ft-e 
Reduction of light intensity to 8 ft-c in- 
hibited oespore formation in one experiment (in the 
previous section) but had no effect in another (Table 
By. These discrepancies could be due to differing 
conditions prior to inoculation. The vegetative growth 


maximum. 


of P. parasitica presumably depends on an unknown 
nutrient supplied by living tissue. Oospores may form 
only when this material decreases in amount prior 
to death of the leaf. 
in the environment probably have a subtle effect on 


Light and many other factors 


the supply of this nutrient 

The results show that oospoeres are not formed at 
the expense of conidia. as was suggested by McKay 
(11) in the case of Peronospora destructor (Berk.) 
Casp. Berry and Davis (2) also disagree with MeKay, 
for they concluded that oospores and sporangial pro- 
duction are not antagonistic processes. 

Antheridial and oogonial strains are necessary for 
oospore formation. These are present in the field, but 
the laboratory “culture” method selects either one or 
the other. Selection is probably a matter of chance, 
since the hyphae from which antheridia and oogonia 


arise are similar in morphology. This selection by the 
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“culture” method also affects the disease symptoms. 
In time. a strain that produces little or no leaf necrosis 
might well be selected, which would cause trouble in 
a program of breeding for resistance carried on in the 
greenhouse. It might for example appear that resistant 
suscepts were being selected, when actually an aviru- 
lent strain of the pathogen was selected unknowingly. 
Perhaps further study could be facilitated by freeze- 
drying in vacuo, a process now often used for other 
types of spores. 

The observation that the antheridia differ from those 
previously described (1. 15) reopens the question ot 
whether the P. parasitté a found on B. oleraceae is the 
same species as that found on shepherd's purse, the 
host from which the previously described fungus was 
collected. The two were considered as the same species 
until Gaumann (5) separated P. parasitica into 52 
species, primarily on the basis of conidial measure- 
ments and cross-inoculations. There is reason to doubt 
the validity of conidial measurements as a good species 
characteristic, for it has been shown that conidia size 
varies with environmental conditions (14). Fraymouth 
(4) felt that Gaumann should have called these strains 
instead of species. The antheridia found here indicate 
that there may be more than one species within the 
large group we now call P. parasitica. This could be 
established only by further investigation. As Gaumann 
has pointed out (5). it is at present very difficult to 
collect and to keep these obligate parasites in a form 
suitable for comparison and experimentation. This is 
emphasized by the finding that a population of spores 
kept under controlled laboratory conditions may be 
very different from the field population, 

Further difficulty is presented by the nature of the 
fungus. Being primarily cellulose its walls are very 
dificult to differentiate from those of the suscept. 
Staining with cotton blue was effective only when the 
mycelium was young and filled with food materials. 
In older hyphae. which are probably dead, this stain 
is ineffective. The successful preparation of antheridia 
was made from cotyledons 7 days after they had been 
inoculated. In 14 days, the mature oospores have 
formed, and these are impermeable to cotton blue. 
Once the oospore has formed, the food material dis- 
appears from the antheridial hypha and from the 
hvpha on which the oospore has formed, so that they 
become almost impossible to observe. Any studies of 
antheridia would have to be made in the early stages 
of development. 

The permeability of the oospore wall to cotton blue 
when treated with KMnO, might be expected, since 
KMnO, is a strong oxidizing agent and is used at 
times as a fungicide. It was used here because McKay 
(10) found that it increased germination of the 


oospores of P. destructor. He found that the oospores 
germinated by a septate germ tube, but his inocula- 
tions never resulted in infection. McKay noted that 
the KMnO, was effective only when organic debris 
was present: thus. the KMnO, probably did not act 
directly on the oospores. It is worth noting that Me- 


Kay subjected the oospores ol P. destructor to weath- 


ering outdoors for 25 years and never got them to 


infect onion, and he emphasizes the stubbornness of 
Peronospora oospores in general (12). 

The question of whether the oospore of al parasitica 
serves as the primary inoculum remains incompletely 
answered, since germination and infection by oospores 
have never been demonstrated._-Department of Plant 
Pathology, Cornell University, Ithaca. New York. 
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\ quick method I letecting 2 sweet potato 
viruses by paper chromatography has been devel- 


oped. The Ry value was 0.53 for vein-clearing virus 
and 0.67 for ringspet virus. Different strains of 
vein-clearing virus all had the same R values 


Identification was thus possible even in plants with 
masked infections 





Introduction. Sweet potatoes grown in Israel were 
) 


found to be infected with several virus diseases (3). 


Two distinct groups were identified by cross-protection 


tests: 1) vein-clearing virus, of which a type and 3 
different strains were round to occur: and 2) sweel 
potato ringspot virus Since these viruses could not 


be mechanically transmitted to sweet potatoes or other 
test plants, reliable identifications required the graft- 
ing of diseased scions on healthy stock The disease 
symptoms, too, are masked by high summer tempera- 
tures. during most of the growing season. This mask- 
ing persists when vegetative growth is optimal. As yet 
paper chromatography had been little used for virus 


disease identifications. Chromatographic methods have 


been suggested for preparing tobacco mosaic virus 
for electron microscopy Further attempts were 


made to identify potato leaf roll (4) and sugar beet 
vellows (5) These studies were of an exploratory 
nature, and with potato leal roll no differences be- 
tween healthy and diseased sap in Ry, values seem to 
have been observed. Cochran (1) and Gray (2) used 


lentification, but more 


paper chromatog iphyvy tor 1 


specifically for the separation of pure tobacco mosaic 


virus. Identifving tobacco mosaic virus by this method 
has theoretical value ml since identification = is 
generally carried out by test plants 

Identifving vein clearing and ringspot viruses on 
sweet potatoes bp gratting or insect transmission. is 


rather laborious. Paper chromatography proved to be 
reliable and convenient 


Materials and methods, Leaf samples of the 


same age were collected fro ealthy and diseased 
sweet potato plants kacl sal pole consisted of the LO 
youngest upper leaves. These were omoge ed in a 


W aring blender wil ‘ e part 0.02 ( icodvlic buffer 
at pH 6.9, The homogenate was centrif iged tor about 
30 minutes at 5000 rpm, and the supernatant dialyzed 


overnight against the buffer \ll steps were conducted 


at low temperatures \fter dialysis the sap was con 
centrated to 1/10 of its ime, either by “freeze drv” 
(lyophilization) or by “salting out” with ammonium 
sulphate and redissolving it in a small amount of 


buffer. The concentrated s ip Was ¢ hron itogr iphed on 


Whatman No. 1 filter paper sheets. 2030 em. by 


Chromatogram of 


Chromatogram trom ringspot infected sweet potatoes i} 
compared to healthy (Ho) 
plants, all variety Gokoku. 


, 
Xe 
earing-infected (V.C.) 


chromatography. 


3 hours ot developing, 


used specifi ally 


were added to intensify 


PAPER CHROMATOGRAPHY 


V.C. 


| 


Rs. 


(H.) and vein- 
variety 21. 2) 


solvents were 


60 . propan- 


best with O.LW 
the filter papel 
10 minutes at 105 C, 
The papers were 


bromphenol 


mercuric chloride, 
\ few drops of acetic 

blue coloring. After 
the excessive dve had been removed by washing several 
times with tap water. the papers were again dried at 


leaving the protein areas stained blue. 


In the first series of experiments chroma- 
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tograms were prepared from sap extracted from vein- 


clearing-infected sweet potato plants, variety 21 


(B-52). and from healthy ones. The diseased plants 
some of their 
At least 40 vlants, healthy 


\ typical chromatogram 


were infected 9-12 weeks previously, 
leaves showing symptoms. 
and diseased. were examined. 
Is presented in Fig. l. showing a good differentiation 
between healthy and diseased sap. The diseased sap 
gave a distinct “tailing.” whereas healthy sap showed 
no movements of proteins. 

It was found that. before staining, the “tailings” 
absorbed ultraviolet light in the neighborhood of 
265 mp. suggesting the presence of nucleic acids. Ultra- 
violet radiation without staining can therefore be used 
for identification on the chromatogram. 

Further chromatographic tests were made on plants 
infected by different strains of the vein-clearing virus 


streak. 


From each strain more than 10 


group. e.g. chlorotic angular spots, and 
median chlorosis (3). 
plants were tested. The Ry values, determined at 21 C, 
were similar in all instances, reaching 0.53. 

Differentiation was good even in plants with masked 
vein-clearing infections. Coloring of the “tailings” was 
somewhat less intense, though sufficient to give cleat 
identification. 

In a second series, sap was tested from ringspot- 
As with 


ringspot virus is only latent. showing no 


infected sweet potato plants. variety Gokoku. 
variety 21, 
symptoms. Healthy and vein-clearing-infected Gokoku 
plants served as checks. The number of samples ex- 
ceeded 20 plants. healthy and infected. 

The sap was extracted and chromatographed as 
above. and a cleat distinction could be observed be- 
tween sap from ringspot-infected plants and healthy 
potatoes, \ 


chromatogram is shown in Fig. 2. 


or vein-clearing-diseased sweet typical 

R, values of the “ringspot™ sap measured at 21 C 
were 0.67, higher than those for the vein-clearing-dis- 
eased Sap. 

Chromatography of sap extracted from variety 21, 
latently infected with sweet potato ringspot virus. gave 
the same results, though coloring was somewhat less 
intense. 

In further tests of 4 different sweet potato varieties, 
chromatographic identification of these 2 viruses could 
always be achieved. From each variety 5-7 replicates 
were made. The R, values determined were the same, 


though color intensity varied. 


*RAPHY AND SWEET POTATO VIRUSES 99 


Discussion. 
the need for concentrating the expressed sap, paper 


Because of some limitations. mainly 


chromatography is more difficult for use as a routine 
field test of seed tubers than the serological methods 
used for Irish potato certification programs. 

Though the 2 virus groups gave different Ry values, 
the various strains within the vein-clearing group had 
the same Ry, values. This method, therefore, might be 
of use in establishing the relationship between dis- 
eases, either of different viruses or strains. of the same 
virus. In addition it may be useful in comparing virus 
diseases of the same crop, occurring in different coun- 
tries, when the exchange of diseased plant material is 
prohibited. 


The stained “tailings” on the chromatogram that 
absorb ultraviolet light might be the nucleoproteins 
of the virus itself, though further proof is necessary. 
The respective R, values of the 2 sweet potato viruses, 
which were similar in different sweet potato varieties, 
seem to support this view. Elution from the chromato- 
gram and inoculation of this eluate to sweet potato 
However, as stated above, we 


were also unable to sap-transmit these 2 sweet potato 


plants gave no results. 


Viruses, 
It is hoped that this method may be of further use 
for identifying non-mechanically transmitted viruses. 
Agricultural Research Station, Rehovot, Israel. 
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SUMMARY 


Three different virus diseases were found to in- 
lect sweet potato in Israel enough to cause complete 
failure of this crop. These are, in order of impor- 
tance: a) sweet potato vein-clearing virus disease 
{a type and three variants described) transmitted 
by Bemisia tabaci: b) ringspot virus disease. whi h 
is aphid-borne (Myzus persicae); and c) leaf 
pucker virus disease, vector unknown. Simultaneous 
infection by the two former viruses causes a com- 
plex disease with symptoms varying with the sweet 
potato variety. All three viruses are neither sap- 
transmissible nor soil-borne. but easily transmitted 
by graft. These viruses are believed distinct from 
any sweet potato viruses hitherto described 





Introduction.— Sweet potatoes were grown in Is 
rael in 1949-56 mainly for starch and flour processing 
purposes, Since the summer of 1954. however. vields 
have so declined that farmers have now discontinued 
this crop although climate and soil conditions in Israel] 
are very favorable for this plant. Virus diseases have 
been suspected ot being the main cause of the degen- 
eration of the sweet potato crop, which is propagated 
only vegetatively 


potatoes mn 


Information on virus dise ises of sweet | 


the world is vet limited. and that already available is 
somewhat controversial Doolittle & Harter (1 de- 
scribed the feathery mottle disease in the LU. S.. and 


Nusbaum (4) described the internal cork disease in 


sweet potato tubers in South Carolina. From the Far 
East there are reports of two diseases. “witches’ 
broom” (8) and “dwarf 7 which resemble each 
other. Recently Shefheld (5. 6) described two virus 
diseases from East Africa. which she named Virus A 
and Virus B. giving their host range and vector rela- 


tionships. According to Wellman (10), the southern 
celery strain of cucumber mosaic virus occurs natu- 
rally in sweet potatoes in Florida 

Preliminary field studies on the decline of our sweet 
potato revealed that we have here at least three differ- 
ent diseases. all caused by viruses. These viruses are 
referred to herein as vein clearing, ringspot. and leat 
pucker. All three appeared dissimilar to any of the 
diseases mentioned above 

One of the most important potato varieties in Israel 
is Varietv 21. a clone introduced under Reference No. 
B-52 from the U. S. D. A. Beltsville. Maryland. All 


tests were with that variety ul less otherwise stated 


100 


Healthy stock for test plants was secured by growing 
sweet potato vines from meristematic tips (Loeben- 
stein, unpublished data) 1 cm long. These were kept 
under observation and tested every 6 weeks for over 
a year by grafting as well as by a chromatographical 
method (2). 

Sweet potato vein clearing virus disease.— 
Symptoms.—The early symptoms are minute chlorotic 
specks, 1 mm in diameter. between the leaf veins (Fig. 
1). These are mostly attached to the veinlets. With 
the progress of infection the specks concentrate along 
the main veins (Fig. 2), finally bringing about a pro- 
nounced clearing of the veins (Fig. 3) later followed 
by a brilliant mosaic. Affected plants ultimately be- 
come stunted and chloretic. When the temperature 
rises above 28°C. the above-mentioned symptoms are 
masked. On the other hand, under fluctuating tem- 
peratures with a minimum below 8 C, the vein clear- 
ings and the chlorotic specks tend to become bordered 
by purplish anthoevanin margins. 

Transmission—All attempts to transmit the virus 
by mechanical sap inoculation proved unsuccessful. 
Methods of inoculation employed included: dilution 
of the sap in water. phosphate buffering. cysteine or 
sodium sulphite addition. dialyzing of sap against 
phosphate buffer. and Yarwood’s (11) quick method. 
The disease was not found to be soil-borne. The 
plants thus tested were sweet potato and other 
Ipomoea species. including. inter alia, several different 
types of 1. purpurea Roth. |. tricolor Cav.. 1. mexicana 
Gray. /. Leari Paxt.. as well as plants of other families, 
viz.. Nicotiana tabacum L.. \. glutinosa L.. Physalis 
peruviana L., Petunia violacea Lindl., P. hybrida Hort., 
Datura metel L.. Gomphrena globosa L., and others. 

The virus is readily transmissible by stem grafting 
as well as by tuber core grafts. Of over 50 stem-grafts 
done, transmission was invariably secured as long as 
the graft took. The first symptoms appear 2-3 weeks 
after a stem graft. The virus could not be transmitted 
by dodder (Cuscuta approximata Bab.). The latter, 
however, did not establish itself well on sweet potato. 
Trials to transmit this virus by means of MWyzus per- 
sicae Sulz. proved negative. The vector was found to 
be the tobacco white fly (Bemisia tabaci Genn.). The 
insects became infective following a 24+hour feed on 
the source plant. The development of symptoms fol- 
lowing an insect transmission takes 3-4 weeks and is 
less intense than with grafting. The white fly was 
quite an efhcient vector. for 4-5 specimens per test 
plant were enough to cause an infection (Table 1). 
In the field, plants grown from healthy tubers next to 
a source of infection, infested with white flies, will 
begin showing clear symptoms within 5 weeks. 

\ttempts to transmit this virus by means of white 
flies to the following test plants proved negative: 
Tobacco (Nicotiana Tabacum and WN. glutinosa), 
tomato, Petunia hybrida, cucumber. peanut. and cotton 


(var. Aeala). . 
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Hosts The virus was also successtu 


by gratting onto >) different types of 


as well as onto /. mexicana and |. Bona nox 
\ttempts to sap- 


test being done in 6 replications 


inoculate the virus from the latter plants back to sweet 


potal« es 


Ipomoea purpurea and I. mexicana 


iN 


HARPAZ: 


transmitted 
| pomoe a purpure ad. 
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or to the former plants. proved unsuccessful 


were found to be 


naturally infected by this virus, often 


clearing of veins in the field. 


In some instances in the field, symptoms 


served that differed to varving degrees 


a mild 


ob 


those 
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caused by the vein-clearing type virus as described 
above. Since the viruses causing those differing symp- 
toms were found to be mutually cross-protective with 
the type virus, they will be treated as strains of the 
Results of the cross-protection test are 
[his table shows that, when- 


same virus. 
represented in Table 2. 
ever the root stock contained one of the strains, no 
change of symptoms occurred following a graft with 
another strain. whereas the healthy rootstocks always 
developed symptoms equal to those in the scion. 

1). Chlorotic streak strain (Fig. 4 This strain 





Fig. 1-4. 1) Sweet potato veu 
ige f ction—chlorotic specks 


of infection by type strain 


ain veins. 3) Advanced stage 
f sweet potato ein clearing virus. 4) Chloroti streak 


iin ot sweet potato ein ciearing irus 
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Tasre l. White-ly transn sion of sweet potato vein clear appeared, Svmptoms of this complex disease differ 


ing virus 


Duration of 


Experi No. white flies quisition feed Plants infected 
ment per test plant hours) plants tested 
l 9 10 12 ro 
2 L-5 24 1/6 


causes a much milder infection, resulting in chlorotic 


streaks along the veins. 3-10 mm long and 2—3 mm 
wide. Symptoms of this strain are masked at 25 C. 
Zi. Vedian chlorosis strain \ faint chlorosis de- 


velops along the mid-rib, covering a width of 15-25 


mm, with lateral protrusions along the principal veins. 


3). Angular spot strain (Fig. 5) Infection by this 
strain usually does not give rise to clearing of the 


veins, but causes chlorotic spots of an irregular shape 
with angular delimitations. These spots are often 
each made up of 3-4 cleared veinlets 

Sweet potato ringspot virus disease. Symp 
toms.—Infected plants show conspicuous ringspots 4-5 
mm in diameter (Fig.6). They remain stunted and turn 
chlorotic. Symptoms are best observed in the Japanese 
Gokoku variety. Our standard Variety 21, when in- 
fected, is a symptomless carrier that. by graft, causes 
Gokoku to develop the typical symptoms. 

Transmission._-_We were unable to transmit the 
virus by mechanical sap inoculation or soil transmis- 
sion, but stem and tuber-core grafts transmitted it in 
more than 30 tests. First symptoms appear 8-12 weeks 
following a stem graft. The virus is readily trans- 
mitted by Myzus persicae, but not by the tobacco 
white fly. Five aphids per test plant were enough to 
f acquisition 


transmit the disease in 9 of 10 instances 
feedings of 24 hours. The development of symptoms 
following an aphid transmission is markedly faster, 
taking 5-6 weeks only This virus does not. cross- 
protect against the vein clearing virus. as demonstrated 
by the following experiment \ group of LO sweet 
potato plants of Variety 35 (L-133) showing clear 
symptoms of the ringspot virus were grafted with 
scions carrying the vein clearing virus. After about 3 
weeks necrotic lesions appeared on the upper surfaces 
of the leaves of the rootstock (Fig. 8). The appear- 
ance of an entirely different symptom—necrotic lesions 

on the challenged plant proves the nonprotection 
between the two viruses, allowing a dual infection in 
the form of a complex disease (see next section). 

Aphids (Myzus persicae) did not transmit the virus 
to the Solanaceous test plants, Datura stramonium L. 
and Nicotiana tabacum, whether given a 5-minute or 
24-hour acquisition feeding 

Symptoms of the ringspot virus are masked when 
temperature reaches 26-28 ( 

Hosts.—Ipomoea tricolor and |. Leari were found to 
be naturally infected by this virus. as proved by graft- 
ing them onto healthy Gokoku test plants. 

Complex disease.-When plants showing the vein 
clearing virus symptoms were grafted with scions beat 


ing the ringspot virus, or vice versa, a new disease 


with the sweet potato variety. As already mentioned, 
Variety 35 showed numerous necrotic lesions, whereas 
the Japanese variety Gokoku developed a severe gen- 
eral chlorosis accompanied by shortening of the inter- 
nodes, resulting in a_ rosette-like stunted plant, the 
youngest leaves of which were a striking purplish. 

In this connection it should be added that symptom 
expression of all those virus diseases varies greatly 
with the sweet potato variety. For instance, variety 21, 
being a symptomless carrier ef the ringspot virus, 
shows only the symptoms of the vein clearing compo- 
nent when infected by the complex disease. The com- 
ponents of the complex, which also occurs in the field, 
can be separated by the respective vectors. 

Leaf pucker disease~-A number of plants in the 
field infected by the vein clearing virus also showed a 
marked leaf puckering (Fig. 7). When scions from 
such plants were grafted on healthy and on vein-clear- 
ing-infected stocks, the leaf puckering did appear in 
the stock in 13 of 18 grafts. It therefore seems, though 
further evidence is required. that the puckering is 
caused by a distinct virus. When white flies were fed 
on plants showing symptoms of both vein clearing and 
leaf pucker, they transmitted only the former symp- 
toms to healthy plants. Leaf pucker symptoms 
occurred mainly during the cooler season. 

fbsence of internal cork in tubers.—Hundreds of 
samples of tubers from all parts of the country were 
systematically examined over a period of 3 years, and 
no internal cork symptoms as described by Nusbaum 
(4) were observed. According to Nielsen (3), the opti- 
mum temperature for cork development in tubers is 
25 C. We therefore kept tubers at that temperature 
tor 4 months. and yet no symptoms could be detected. 

Discussion.—It may be concluded that at least three 
different viruses affect sweet potatoes in Israel: the 
vein clearing virus, which is transmitted by Bemisia 
tabaci; the ringspot virus. which is aphid transmitted: 
and the leaf pucker virus. As to the last. there might 
still be some doubts of its specificity. since the negative 
results of a cross-protection test by grafting are not 
adequately conclusive. The high dose of inoculum 
applied in grafting is likely to overwhelm the immunity 
afforded by the related strain that is being challenged. 


Pasie 2. Cross-protection results among strains of the 
sweet potato vein clearing virus. Each graft combina- 
tion was done on 6 plants of variety 21 


Scion 
Vein 
clearing Chlorotic Median Angular 
Stock type streak chlorosis spots 
Healthy Vi cs MIC AS 
Vein clearing type Vi \< Vi Vi 
Chlorotic streak Cs cs cs cs 
Median chlorosis VIC VIC NIK MIC 
Angular spots AS AS AS AS 
Results are shown by letters, as follows: V¢ vein 


chlorotic streak: Mi median « hloresis; 


clearing: CS 


AS angular spots. 
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On the other hand. positive resi 
by grafting were still obtained among the different 


ilts of cross-protection 


strains of the vein clearing virus. This, together with 
the fact that leaf pucker was not transmitted by white 
flies, supports our assumption that it is caused by a 
distinct virus though its vector is vet unknown. 

The question arises as to the relationship between 
our sweet potato viruses and those described abroad, 
as reviewed in the Introduction. Though the feathery 
mottle virus has symptoms similar to our vein clearing 
virus, it is easily transmitted mechanically as well as 
by aphids (9), whereas vein clearing is neither sap- 
transmissible nor aphid borne, its vector being a white 
fly. For the same reasons relationship to internal cork 
can be ruled out, for the latter is also aphid-borne. 
Moreover. cork svyinptoms were never found in tubers 
here. The same holds true for our ringspot virus, 
aphid-borne, still does not 


tubers of affected 


which, in spite of being 
show any cork symptoms in_ the 
plants. 

Symptoms ot Thung’s “Witches” Broom” (8) and of 
“Ishuku Byo Dwarf” (7) differ so greatly 


from those of any of our diseases that no relationship 


Summers 


could be considered. However. there is a certain simi- 


larity between our vein clearing and virus B of sweet 


Shetheld (5. 6). Both dis- 


eases have somewhat similar symptoms and have the 


potatoes as des ribed by 


same insect vector, Bemisia tabaci Genn. Nevertheless. 


Sheffield reported cork symptoms to be associated with 
have never been noticed in 


our vein-clearing-infected tubers 


her virus B, whereas these 
Likewise, virus B is 
sap-transmissible directly from sweet potato to /pomoea 
sp. (cf. purpurea) and Petunia sp., and thence to 
Gomphrena globosa, Nicotiana glutinosa, \. tabacum, 
and Physalis peruviana, among others. Contrary to 
that. vein clearing is not sap-transmissble from sweet 
potato, nor could it be transmitted by sap inoculation 
from /pomoea spp. into any of the above-listed plants. 
In addition, the incubation period of vein clearing 
symptoms after insect transmission is only 3-4 weeks, 
compared to more than + months for Sheffield’s virus 
B. The tobacco white fly is apparently an inefficient 
vector of virus B. whereas its transmission of vein 
clearing is done with great efhicacy. 

On the strength of all these dissimilarities our vein 


from Shefheld’s 


clearing virus seems quite distinct 
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virus B. Final clarification could be done satisfactorily 


only 
dentally. is most inadvisable) 
immunity test. 
values of chromatographix 


by 


The ringspot 


by exchanging diseased material (which, inei- 
and making a cross- 
Another possibility is to compare Ry, 


sap analyses, as described 
» 


Loebenstein (2). 


virus. although aphid-borne, differs 


entirely in symptom expression from Shefheld’s virus 


A, 


tore 


which is also aphid-transmitted. and should there- 


be regarded as a separate virus. Its nontrans- 


missibility to Soelanaceous plants distinguishes it from 


cucumber mosaic virus. It therefore definitely differs 


from the disease caused by the southern celery strain 


of CMY. as reported by Wellman (10). 


Nothing resembling leaf pucker virus could be found 


among Shefheld’s or any other author's descriptions. 


Agricultural Research Station. Rehovot, Israel; and 


Hebrew 


University. Faculty of Agriculture. Rehovot, 


Israel. 


10. 


11. 


LITERATURE CITED 


Harter. 1945. A graft 
Phytopathology 


DoouittLe, S. P., ano L. L. 
transmissible virus of sweet potato. 
35: 695-704. 

LOEBENSTEIN, G. 1957. Paper chromatography of a 
sweet potato virus. Nature 179: 1086. 

Nietsen, L. W. 1952. Effect of temperature on the 
development of internal cork lesions in sweet potato 
roots. Phytopathology 42: 625-627. 

Nussbaum, C. J. 1947. Studies of internal cork, a prob- 
able virus disease of sweet potato. Abstr. Phyto- 
pathology 37: 435. 

Suerrietp, F, M. L. 1957. Virus diseases of sweet 
potato in East Africa. |. Identification of the viruses 
and their insect vectors. Phytopathology 47: 582 
590. 

Suerrietp, FL M. L. 1958. Virus diseases of sweet 
potato in East Africa. Il. Transmission to alternative 
hosts. Phytopathology 48: 1-6. 

Summers, E, M. 1951. “Ishuku-Byo” (Dwarf) of sweet 
potato in the Ryuku Islands. Plant Disease Reptr. 
35: 266-267. 

THunc, T. H. 1947. Heksenbezem bij bataten (Ipo- 
moea batatas), een virusziekte. Landbouw 19: 286. 

Wess, R. E., anp R. H. Larson. 1954. Mechanical and 
aphid transmission of the feathery mottle virus of 

Phytopathology 44: 290-291. 

Wetiman, F. L. 1935. The host range of the Southern 
celery-mosaic virus. Phytopathology 25: 377-404. 

Yarwoop, C. E. 1953. Quick virus inoculation by 
rubbing with fresh leaf dises. Plant Disease Reptr. 
37: 501-502. 


sweet potato. 








ee 

















HOST RANGE, PATHOGENICITY, 
L. kK. 
\ecepted r pPu.sicatlon July 1 1Yo¥, 
Published with the approval of the Director of the Wis 
consin Agricultural Experiment Station, Cooperative inves 
tigations beiween the Wisconsin Agriculiural Experiment 


Siation and the Forage and Range Kesearch Branch of the 
U.S.D.A. Supporied in part by tunds provided to the Wis 
tural Experiment Station as a collaborator 


consin Agri 
under the North Central 
“Improvement of alfalfa and other forages through 


Region cooperatiy research 
proje ct 


basic studies in genetics and pathology ' 


SL’LMMARY 


lsolates of Ascochyta imperfecta from alfalfa and 
red clover were found to have wide host ranges 
Of 37 legume species inoculated with alfalfa iso 
lates. 34 developed symptoms. Twenty-three species 


developed symptoms when inoculated with red 


clover isolates. Difference es in pathogenic itv were 


evident between isolates from the 2 hosts. among 
isolates from the same host. among isolates from 
different geographic areas, and among isolates ob 
tained in different vears. Isolates from both hosts 
differed in cultural characters and in the percentage 
of conidia having septations. 1. imperfecta is con 
sidered to be the correct name for the fungus incit- 


ing spring black stem of alfalfa and red clover 





Increased attention has recently been given the 
spring black stem disease of alfalfa (Medicago sativa 
L.) and red clover (Trifolium pratense L.). and its 


incitant. Ascochyta imperfecta Pk. The pathegen has 
been known for nearly a century but confusion still 
Prior to 
1936. several names were used, mostly those in the 
1936. Toovey el al (17) 


referring the fungus on alfalfa to 


exists as to its proper taxonomic position. 


genus Phoma. In clarified 
the situation by 
“because of the fairly frequent 
Hence, they 


the genus Ascochyta 
occurrence of some uniseptate spores.” 


retained the most recent name, Ascochyta imperfecta 


Pk.. and relegated older names to synonomy. Theit 
decision was generally accepted until 1956, when 


Schenk and Gerdemann (15) suggested abandoning 
this binomial in faver of “Phoma herbarum var. medi 
caginis West. ex Rab.” 

In 1957 Ellingboe and Kernkamp (3) 
substantial evidence that the pathogen on red clover, 
known as Phoma trifolii Johnson & Valleau, was the 


Edmunds and Hanson (2) 


presented 


same as that on alfalfa. 
reported at the same time that alfalfa and red clove 
isolates have many hosts in common. 

The specific objects of this investigation were 1) 
to determine the correct name of the fungus inciting 
spring black stem of alfalfa and 2) to determine if 
the fungus causing a similar disease on red clover is 
distinct from that on alfalfa. It was hoped that these 
objectives might be accomplished by a careful study of 
the literature. herbarium specimens, and fresh isolates 
of the pathogen from alfalfa and red clover. No at- 
tempt was made to compare isolates from other hosts. 
the first to 


Host-range studies. Sprague (16). 


use the pathogen experimentally, reported that substan- 
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ASCOCHYTA IMPERFECTA 


Edmunds and E. W. Hanson 


tially more infection was obtained on Medicago sativa 
and M. hispida Gaertn. than on Melilotus indica All. 
VW. officinalis (L..) 
T. pratense L. He also obtained some infection on 
Phaseolus 
added Medicago lupulina L. to the 
host range, and Peterson and Melchers (11) added 
M. falcata L. and M. ruthenica Trautv. Kernkamp and 
Hemerick (6) found the fungus to be pathogenic on 


Lam., Trifolium hybridum L., o1 


Pisum sativum L. and acontifolium  L. 


Toovey et al (17 


11 species of large-seeded legumes and Edmunds and 
Hanson (2) reported still other hosts. 

The methods of inoculum production, inoculation, 
and incubation of inoculated plants used in the preseu: 
studies were, in general, the same as those described 
isolates trom 


by Sprague (16). Ten single-spore 


alfalfa and the sanie number from red clover were 
used as inocula. Each isolate was increased separately, 
and those from each host were combined immediately 
before use. Thirty-seven species of legumes (Table 1) 


TABLE a Relative Su sceptibility of 37 legumes fo infection 


by aljalja and red clover isolates of Ascochyta im- 
perfecta 


Disease rating 


Legume tested Alfalfa isolates Red clover isolates 


{stragalus cicer. L. ] ] 
Coronilla varia L, 2 ] 
Hedysarum coronarium a 2 ] 
Lathvrus sylvestris L. | 0 
Lotus corniculatus L. U ] 
L. cuneata L. U U 
L. tenuis Waldst. & Kib. ] 0 
L. uliginosus Schk. ] U 
Wedicago sativa L. > 5 
Velilotus alba Desr. 5 
V. officinalis (L.) Lam ) 2 
Onobrychis sativa Lam, ] 2 
Trifolium agrarium L. ] 0 
7. alexandrinum L. 9 ] 
7 campestre ™ hre b. ] 0 
7. cernuum Brot. 2 2 
T. dubium Sibth. 0 U 
7. fragiferum L. ] 2 
T. glomeratum L. ] 0 
T. hirtum All. ] ] 
T. hybridum L. l | 
7. incarnatum L. 2 5 
T. lappaceum L. 2 | 
T. medium L. ] 0 
T. michelanium Savi. 2 U 
7. nigrescens Viv. 2 
T. pannonicum L l 0 
ar. pratense | . ) 5 
T. repens L. ] l 
T. resupinatum L, ] 2 
T. striatum L. ] 0 
T. subterraneum L. ] 0 
7. tomentosum L. ] | 
T willdenowii Spreng ") l 
T. varigatum Nutt. l 2 
T. xerocephalum Fenzl. ] 0 
Vicia cracca L. ] 3 


Disease ratings are based on a scale of 0-5, in which 
< omplete susceptibility. 


0 no symptoms and 5 
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Paste 2.—Relative pathogenicity of 23 isolates of Ascochyta 500 isolations to evaluate the pathogen in Minnesota. 
r rect from altait ! oned Caliverde altalt Tl, : * 
imperfecta from aiver jaja rhis suggests that they believed there might be differ- 
and H egzener red over 


Disease rating on 


indicated host 


Isolate ' Alfalfa Red Clover 

9-Wis-55 0) 0) 
1-W Is 99 ) ! 
8-Wis-55 | U 
35-Wis-56 | | 
7-Wis-55, 24-Mich-55 | 2 
27-la-55 } } 
6-Wis-55, 28-Minn-55, 32-Minn-55 ) 2 
5 Wis h) f) 2 
36-Wis-56 6 | 
62-Alas-57, 65-Wis-57, 66-Wis-5; 

68-Wis-57, 69-Wis-57, 70-Wis r 2 
25-1a-55, 34-Wis-56, 43-11-56 »-Ala ) 
26-La-55 ( | 

Data are averages for 4 replicated trials 

" The first part of the culture designation gives the cul 
ture number: the second part icates the state or country 
from which the isolate originated: and the third part shows 
the vear in which the isolatior is made 

Disease ratings are based on a scale of 0-9, in which 
0 no symptoms and 9 complete susceptibility 


were tested for susceptibility These were inoculated 


when 2-6 months old. Each test included 28 plants 
of each species for each of the 2 composites of isolates 
and was repeated 3 times. Only 1 or 2 seed lots of 
most of the species were iné luded in the tests. Disease 
ratings, 0 (no symptoms) to 5 (completely suscep- 
tible), were based on number and size of lesions 14 
days after inoculation. The pathogen was reisolated 
from all species listed as hosts. 

The results of the host-range studies are summarized 


in Table 1. 


to have wide host ranges Of the 37 legumes inocu- 


Both alfalfa and red clover isolates proved 


lated with alfalfa isolates, 34 developed symptoms. 
Twenty-three species developed the disease when inocu 
lated with isolates from red clover. The alfalfa isolates 
had 11 more hosts than did the red clover isolates but 
10 of these hosts showed only a trace of disease. 
Only | species showed wide 
tibility to the 


reactions were not common, but were expected since 


differe ncees hh =Lst ep- 


? composites. Thus, strongly differential 


the fungus is known to be highly variable in morpho- 
logical and cultural characteristics 

Relative pathogenicity of alfalfa and red 
clover isolates. \lthough th: 
showed that the pathogenic properties of the compos- 


host-range studies 
ite of isolates from red clover were similar to those of 


a composite from ilfalfa. it seemed desirable to 


analyze the differences that occurred and to determine 
the range in pathogenicity among isolates from the 2 
hosts. Relatively little information has been reported 
on differences in pathogenicity among isolates of 1. 
imperfecta, an aspect that is of prime concern in de 
veloping resistant varieties. Reitz et al (13) reported 
that various cultural types differed in pathogenicity, 
though they gave no data. In a study of the relation 
seed production, Kernkamp 


20 cultures representative of 


of spring black stem to 
and Hemerick (6) used 


ences in pathogenicity among isolates. 

In the present study, 23 isolates from alfalfa and 34 
isolates from red clover were compared on cloned Cali- 
verde alfalfa and Wegener red clover. These isolates 
were obtained from diseased material collected at 
various locations in 12 states of the United States, and 
from Mexico, Chile. and England. Experimental pro- 
cedure was the same as that followed in the hest- 
range studies except that inoculum was produced on 
sterile chopped alfalfa foliage instead of potato- 
cerelose agar, 

The results (Tables 2. 3) show that there were dif- 
ferences in pathogenicity between isolates from the 2 
hosts, among isolates from the same host, among 
isolates from different geographic areas, and among 
isolates obtained in different years. Isolates obtained 


from alfalfa in 1957 were uniformly and highly 
pathogenic on alfalfa, but only slightly pathogenic 
on red clover. The 1957 isolates from red clover varied 
greatly in pathogenicity on both hosts. Isolates ob- 
tained in 1955 and 1956 differed more than did those 
collected in 1957. 

The effect of origin of cultures on pathogenicity was 
very striking in some cases. For example, the isolates 
(67-Chile-57) and Mexico (61-Mex-57) 


were much more pathogenic on red clover than isolates 


from Chile 


from other locations. The 3 Wisconsin isolates from 
red clover obtained in 1957 were similar in patho- 
genicity to the isolates obtained from alfalfa in that 


vear. The Kentucky and Alaska isolates from red 


Paste 3. Relative pathogenicity of 34 isolates of Ascochyta 
imperfecta from red clover on cloned Caliverde altalla 
and H ezener red clover 


Disease rating on 
indicated host 


lsolate ' Alfalfa Red Clover 

1 1-Wis-55, 21-Minn-55 0 0 
31-Minn-55, 54-Ohi0-56 0 ] 
»2-Ind-56, 60-Md-56, 74-Ky-57 ] ] 
99-Ohioe-56 ] 4 
22-Minn-55 2 0 
10-Mieh-55, 14-Minn-55, 15-Minn-55, 

16-Minn-55, 47-11-56. 48-11-56. S7-NH-56 2 2 
93-Ohioe-56. 58-Me-56. 59-Ohio-56 ys 4 
61-Mex-57 2 6 
16-11-56 ; 0 
12-Minn-55 } | 
67-Chile-57 ) % 
63-Alas-57 | ] 
17-Minn-55, 20-Minn-55 | ; 
i3-Minn-55 1 } 
23-Minn 5 ; 3 
18-Minn-55 7 0 
76-Wis-57 ri 2 
77-Wis-57, 78-Wis-57, 79-Eng-58 4 } 
19 Minn 7) 7 5 


Data are averages for 4 replicated trials. 

Phe first part of the culture designation gives the cul- 
ture number; the second part indicates the state or country 
from which the isolate originated; and the third part shows 
the year in which the isolation was made, 

Disease ratings are based on a scale of 0.9, in which 
0 no symptoms and 9 


complete susceptibility. 
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clover were only slightly pathogenic on either host. It 
was interesting that a composite of isolates from 
Alaska was more pathogenic at low temperatures 
(16 C) than composites of isolates from other areas 
of the United States: this was not true at higher 
temperatures (20-24 C). 

The evidence is substantial that most isolates of A. 
imperfecta atta k alfalfa more severely than red clover 
In some instances red clover stems with abundant 
pubescence were more heavily infected than alfalfa 
stems. but the greater susceptibility of alfalfa leaves 
usually resulted in a higher disease rating of alfalfa. 
Red clover 


notable exc eptions, Most other isolates from red clove 


isolates from Chile and Mexico were 


were less pathogenic on both alfalfa and red clover 
than were alfalfa isolates. 

As Schenk and Gerdemann (15) reported, the red 
clover isolates studied were more variable in cultural 
characteristics and in ability to produce’ pyenidia. 
Alfalfa isolates invariably fruited when first isolated, 
and in most cases retained this ability in culture. Red 
clover isolates usually, but not always, produced 
pyenidia when first isolated. but tended to lose this 
ability in culture. This is probably part of the expla- 
nation whi old isolates from red clover were less 
pathogenic than comparable isolates from alfalfa; it 
was frequently not possible to include the same num 
ber of spores in the inocula of the 2 kinds of isolates. 
Spore concentration of the inoculum, however, was not 
the only reason red clover isolates were less patho- 
genic. since some of those that fruited abundantly in 
culture were only slightly pathogenic in pathogenicity 
tests. No extensive studies were made to demonstrate 
losses in pathogenicity in culture, but several isolates 
did lose their pathogenicity during the course of 
these investigations. Culture 67-Chile-57 was a notable 
example. Sparsely fruiting cultures were incapable of 
inciting a high level ot disease. Also isolates known 
to be pathogenic were incapable of inciting disease if 
tested before pyenidial production had started. No 
evidence was obtained to indicate that inoculum con- 
sisting of mycelial fragments alone could incite the 
disease. 

The foregoing data, in the authors’ opinion, give 
evidence supporting the conviction of Ellingboe and 
Kernkamp (3) that only 1 pathogen is involved in 
spring black stem of alfalfa and red clover. However, 
it is also evident that alfalfa is the primary host of 
1. imperfecta, while red clover is simply one of the 
more susceptible of the other species found in the wide 
host range of the pathogen. 

Taxonomic considerations. As previously men- 
tioned. there has continued to be considerable confu- 
sion in the nomenclature of the spring black stem 
fungus. Therefore it has been deemed worthwhile to 
re-evaluate the taxonomic situation: and this has been 
done in consultation with Dr. M. P. Backus. mycologist 
in the Department of Plant Pathology and Botany at 
the University of Wisconsin. 

\ primary consideration is. of course, the proper 
generic placement of the pathogen. which through the 
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vears has been assigned to several different genera 
1.C., Phoma, {scoc hyta, and Diplodina. In this con- 
nection, it is necessary to recognize the artificiality of 
the taxonomic scheme employed in classifving Deutero- 
mycetous fungi and then to look carefully at generic 
definitions. After appraisal of all the facts, the 
authors concluded, along with Toovey et al (17), 
that this organism properly belongs in the genus 
{scochyta. Diplodina is not an appropriate repository 
for it, since pyenidia in the latter genus are not macu- 
licolous. In the opinion of the writers, neither is 
Phoma the proper genus for the spring black stem 
fungus. To be sure, as one encounters this organism 
in nature, most of the pyenidiospores are continuous; 
but 2-celled conidia are by no means rare. In culture, 
septate spores are often more abundant. and substan- 
tial evidence now indicates that isolates vary in the 
percentage of septate conidia that they produce: under 
suitable conditions, certain isolates may form very 
large numbers ot 2-celled spores. \s would be eX- 
pected in an artificial system such as we have to deal 
with in the Imperfect Fungi, there are cases of inter- 
gradation that are especially perplexing. However, in 
transitional situations involving some septate and some 
nonseptate spores, species are assigned not according 
to the dominant condition but rather by whether any 
appreciable number of septate spores occurs at all. 
The same principle is followed in deciding whether 
certain Imperfes ts go into the taxon for 2- elled spores 
or the one for phragmospores; if phragmospores are 
common, even though the percentage may be small, the 
organism is assigned to the phragmosporous genus. 
As Davis (1) aptly pointed out, “Ascochyta is sepa- 
rated from Phyllosticta on one side and Stagonospora 
on the other by somewhat shadowy lines.” The sepa- 
ration from Phoma is in some cases also necessarily 
equally nebulous. But Davis (1), in his monograph, 
said that “to the genus Ascochyta are referred species 
the sporules of which, as ordinarily observed, are uni- 
septate and so remain; those in which the sporules 
remain continuous nearly or quite to the time of full 
maturity becoming then uniseptate; species in which 
a majority of the sporules are continuous but a minor- 
ity uniseptate.” The spring black stem fungus clearly 
fits into the last category. 

Having assigned the pathogen to the genus As- 
cochyta, the next matter to consider is that of the 
correct epithet. A careful review of the nomenclatural 
situation has brought the writers to the conclusion 
that. according to the International Code (7), the 
specific epithet applied by Peck (10) in 1912 is the 
one that must be used. This verdict coincides with 
that of Toovey et al (17). 
spring black stem fungus has been known for nearly 


There is evidence that the 
a hundred years. During this time it seems to have 
figured in mycological literature under half a dozen 
different designations, all but 1 of which can now be 


relegated to synonymy. 


{scochyta imperfecta Peck (1912) 
Svnonyms: 
Phoma herbarum {. medicaginum West. ex 
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Rab. (1862 
Phoma medicaginis Fuckel (1869) 
Phoma medicaginis Malbr. et Roum. (1886) 
Diplodina medicaginis Oud. (1903) 
{scochyta pisi var. medicaginis Sacc. (1920) 


Phoma trifolii Johnson & Valleau (1933) 


As Schenk and Gerdemann (15) 
organism was apparently first recorded (12) as a 
distinct taxon, in 1862 in Rabenhorst’s “Fungi Euro- 
paei (Exsiccatum No. 455b The critical exsiccatum 
pac ket bears the label “Phoma herbarum forma Medi 
Westendorp is listed as collector 
There 


is no description on the label, and, insofar as the 


caginum Westend.” 


of the specimen, but the host is not indicated. 


writers have been able to discover, none was published 

Westendorp or Rabenhorst to 
Saceardo (14) did not list this 
Howevel! Westendorp s 


elsewhere by either 
validate the name 
combination in his “Sylloge 
specimen in the set of “Fungi Europaei” in the L ni 


versity of Wisconsin Cryptogamic Herbarium was 
examined in the present study, and it was found to be 
indistinguishable from present-day collections of the 
spring black stem fungus. If, as seems probable, the 
Westendorp organism is on Medicago sativa, its iden 
tity would be quite certain. This early specimen is of 
course of historical interest, but even if there were 
absolutely no doubt about its identity. the name at- 


1 rela 


tached to it would have no real significance 1 
tion to the nomenclatural problem of today. Nor would 
the situation be changed if it could be shown that 
Phoma herbarum forma medicaginum is a legitimate 
trinomial. The spring black stem fungus was long 
ago accorded species rank (4 and any epithet ap 
plied in its status as a form has no priority outside 
that category (Internat. Code. Art. 60) 

Poovey et al have presented all the essential facts 
in the case regarding the binomials Phoma medica 
ginis Malbr. et Roum. (a later homonym of Phoma 
medicaginis Fuckel, 1869) and Diplodina medicaginis 
Oud. In all probability the spring black stem fungus 
received species status with the publication of Phoma 
medicaginis Fuckel. in 1869. If not. it certainly did in 
1903. when Oudemans (9) erected Diplodina medica 


Lins 


According to the International Code \rt > 
the first specific epithet validly published must. o1 
dinarily be maintained In this case, however. there 
is an obstacle to retaining the epithet “medicaginis” 
hence, neither, binomial need be considered further 
in relation to the “principle of prierity.” The com 
bination “Ascochyta medicaginis” is unavailable for 
the spring black stem fungus. because of the exist 
{scochyta 


ence in the literature of the binomials 


medicaginis Fekl.. 1867. and Ascochyta medicaginis 
Bres.. 1900, which were applied to other fungi occur- 
ring on Medicago The former name was given to a 
fungus that Jones (5) later showed to be the impet 
fect stage of Pyrenopeziza medicaginis. It is actually 
invalid, for, as Jones pointed out, Desmazieres de- 


scribed the same parasite as Sporonema phacidiodes 


pointed out, the 


HOLOGY 


Vol. 50 


in 1847. Ascochyta medicaginis Bres. is invalid on the 


basis that it is a later homonym. However. the fact 
that these names are illegitimate makes no difference 


(Internat. Code, Art. 55 and Art. 64). 


If we maintain the position that the spring black 
stem fungus properly belongs in the genus Ascochyta 
and that it is worthy of specific rank. the earliest 
available legitimate epithet must be adopted (Internat. 
Code, Art. 11). That appears to be Peck’s “imper- 
fecta.” It follows that Ascochyta imperfecta Peck is 
the proper binomial to apply to the organism in 
question. Wisconsin Agricultural Experiment Station, 


University of Wisconsin. Madison. 
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EFFECTS OF FOLIAR SPRAYS OF CYTOVIRIN ON SUSCEPTIBILITY TO 
AND TRANSMISSIBILITY OF POTATO VIRUS Y IN PEPPER 
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SUMMARY 


(ytovirin. applied in the greenhouse as a foliar 
ppl 

spray to California Wonder pepper plants, caused a 

reduced susceptibility to infection by potato virus ¥ 


(PV The effect was greater on infection induced 
by rubbing than on infection induced by aphid 
feedin Spraying pepper plants systemically 


infected with PVY with Cytovirin resulted in a re- 
duction of virus titer as measured by means of 
aphid transmissions. Considerable phytotoxicity was 
induced at doses that were most effective against 
virus transmission. Growing plants in bright sun- 
light reduced both the phytotoxicity and the effe 
tiveness of the material 





Considerable interest has recently been shown in 
finding chemicals that affect virus infections in plants 
Most of the work reported has been on chemicals that 
iter susceptibility to mechanically induced infection 
(] Gray (2) demonstrated that Cytovirin' is such a 
material, Since aphid-borne viruses in the field are 
nearly always transmitted by insect feeding. it seemed 
advisable to test the effectiveness of this chemical 


against aphid inoculation. 
Materials and methods. Potato virus Y (PVY 


(3) was maintained in pepper. Capsicum annuum | 


var. (alifornia Wonder. in an air-conditioned green 
house (temperatures of 70-80°F). Pepper plants in 
the 6-8-leaf stage were used as test plants. Mechanical 
inoculations of freshly expressed sap were made by 


means of cotton swabs rubbed on leaves that had been 


dusted lightly with corundum powder. Plants were 


rinsed with tap water immediately after inoculations 


\dult or late instar apterous green pea h aphids 
Wvcus persicae (Sulz.). were used as vectors. Aphids 
were ~t irved tor at least one hour betore being 

( in is the trade name of an antibiotic manufa 
tures . Merck. Inc... Rahway. New Jersev. The author 
gratetully acknowledges the assistance of the company in 
lak the iterial available for study 
Ta Efiect of 7 ppm Cytovir ed 24 hours bet 


] 


lrial number 


ition method 2 
Apt on sprayed i) 1 
Aphid on unspraved 73 63 
Undiluted sap on sprayed } 10 
Undiluted sap on unsprayed 00 100 
1:500 dilution on sprayed j 


o- 


tion on unsprayved OO 6 


‘ercentage transmission out of 50 Inoculated 


= I F If 


entage of total number of plants inoculated that deve 


watched for timed acquisition feeding periods of 15-20 
seconds. They were then placed singly on healthy test 
plants for a test feeding period of 1-2 hours. 

Cytovirin dissolved in tap water was sprayed on the 
plants with a small hand sprayer to the point of runoff. 

Greenhouses were sprayed weekly with nicotine to 
keep insects under control 

Results. kKflect of C.yvfovirin on susceptibility. 
Preliminary experiments indicated that sprays con 
taining 3.5 ppm or less Cytovirin and applied 24 hours 
before inoculation were ineffective against aphid trans- 
mission; 7 ppm gave a definite indication of control. 
Therefore, this concentration of material was applied 
24 hours before inoculation in the following tests. 
Thirty plants were inoculated with PVY in each of 
the following ways 1) spraved and infected by 
iphids: 2) same as 1 but not spraved: 3) sprayed and 
inoculated by rubbing freshly expressed sap: 4) same 
as 3 but unsprayed: 5) sprayed and rubbed with 
freshly expressed sap diluted 1:500 in tap water: and 
6) same as 5 but unsprayed. The entire experiment 
was repeated once, and the aphid inoculation part 
three times. Results are shown in Table ] 

Cytovirin reduced susceptibility to infection, regard- 
less of the inoculation treatment used. As might be ex- 
pected, it was more effective when plant sap was 
diluted. Study (4) has shown that the amount of 
PV Y transmission obtained with aphids can be cor- 
related with that obtained by rubbing with sap diluted 
1:500 The verv high degree of protection obtained 
when plants were rubbed with diluted sap indicates 
that the chemical is more effective against rubbing 
than aphid inoculation 

As noted by Gray (2 
considerably delaved by Cvytovirin. This was true 


expression of symptoms was 


regardless of the tvpe of ino ulation technique used. 

Phytotoxicity.— Within three days of spraying 7 ppm 
Cytovirin, severe symptoms of phytotoxicity appeared. 
These consisted of twisting. cupping, and epinasty of 
leaves, and a chlorosis in the terminal growth. Plants 
remained stunted for a time but recovered in 2-3 
weeks. Be ause the plants had heen grown under 80° 
shade it was thought that this phytotoxicity might be 
lessened by growing them in brighter light Tests to 


no ation by either aphids or rubbing, on susceptibility to 


Davs for symptoms to appear 


| 10 |}? 18 
13 97 0 70 30 
6 17 80 70 0 
0 24 76 
100 {) {) 
0 67 4 

~() . 


ioped sy mpton - 


109 











TABLE 2 Effect of different concentrations of Cytovirin. 
sprayed 24 hours betore aphid inoculation. on phyto 
' toxicity and « epttib fv of pepper to Pl ) under 
a conditions of } gl ght intensily 
Ree 
Av. no. days 
Dose 'ppm) transmissior Phytotoxis \ lor symptoms 
0 2 8 
ri 60 slight 10 
14 10 light 1] 
28 2 Vloderate 13 
> ) ' 
Based on 25 plants inoculated 


determine susceptibility to PVY aphid inoculation were 
carried out with plants exposed to bright sunlight for 
half the day. 
to inoculation to groups of 
of 0. 7. 14, and 28 ppm 

Phytotoxicity was much less than when the plants 


Cytovirin was applied 24 hours prior 
25 plants at concentrations 
Results are shown in Table 2. 
However the effectiveness 


were grown in 80°, shade 


of the chemical in preventing virus infection was 
largely nullified. 
Effect of Cytovirin on PV) 


shaded conditions, Cytovirin sprays both reduced sus- 


titer.-Since, unde 


ceptibility to infection and lengthened the time for 
symptoms to appear, it seemed desirable to investigate 
what effects the material might have on the titer of 
virus in an infected plant. Plants infected for several 


weeks were sprayed with 7 ppm Cytovirin selution. 


As checks, similar plants were left unsprayed. All 
were grown under conditions of 80°, shade. Begin- 


ning the day after spraying and continuing on days 2, 


bt. and 8, aphids were allowed to feed on the middle 
portion of the leaf canopy of both groups of plants. 
Forty aphids were used each day for each treatment 
of sampling. Results are shown in Table 3. 

Within 2 days of spraying there was an indication 
of lowered virus activity. This trend was maintained 
through the remainder of the 8-day sampling period. 
Moderate phytotoxicity was apparent in the sprayed 


plants within 4 days of the Cytovirin treatment. 
Because earlier evidence indicated that light inten- 
sity affected further trials on the effects of 


Cytovirin on virus transmissibility 


results, 
were carried out 
under conditions of half-day sunlight and half-day at 
80% shade. The experiment was designed to show 
what effect two sprays applied weekly in concentrations 


of 7 and 14 ppm would have on transmissibility from 


TABLE } Effect of 2 mecentrations of Cyvtovtirin applied at 
infected pepper 


( 
« 


neo 
Treatment ? j 
No spray 65 72 
7 ppm—1 spray 63 83 
7 ppm—2 sprays 62 
14 ppm—1 spray 60 60 
14 ppm—2 sprays 13 


* Based on a sample of 40 plants 
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Papie 3 Effect of spraying Cytovirin at 7 ppm on aphid 


transmission from PVY infected pepper plants 


transmission at following no. of 
days after spraying 


Treatment ] Zz } 8 
Sprayed ia 93 te 10 
{ nsprayved 65 H5 65 6% 


Based on a 40-plant sample. 


infected plants. Two inoculum plants 


source were 
used for each of the 5 treatments. and 40 aphids were 
used each time of sampling for each treatment. Sam- 
ples were taken at 2, 4, 8. and 16 days after the first 
spray had been applied. and at 2. 4. and 8 days after 
the second application of chemical. Results are shown 
in Table }. 
When the 


pared, 


average transmission figures are com- 


there is an indication that transmission de- 
creased as the amount of material applied increased. 
The effect of using 2 sprays at 14 ppm under the 
light 


obtained from one spray at 7 ppm under the shaded 


higher intensity was about the same as that 
conditions maintained during the first trial (Table 3). 

One additional test was completed. with treatments 
of 0, 28. and 56 ppm Cytovirin, sampling dates of 3, 7, 
and 14 days after spraying, and 30 plants per treat- 
ment each day of sampling was completed. Again the 
plants were maintained under high light intensities. 
indicated that the 


( 


\verage transmission was 74°, at 0 ppm and 71° at 


Results sprays were ineffective. 
both 28 and 56 ppm. 

Discussion.— The antibiotic Cytovirin appears to 
resemble Tricothecin and 2-thieuracil in its effect on 
infection by PVY (1). Like these chemi- 
cals. it is also phytotoxic at concentrations that are 


“inhibiting” 


most effective against virus transmission hy aphids. 
The fact that Cytovirin affects not only susceptibility 
to infection but also titer of virus in infected plants, 
suggests that a twofold effect could result from use 
of such chemicals in the field. It has become increas- 
ingly apparent (4) that the relative titer of the 
viruses affecting pepper in south Florida is closely 
related to their rate of field spread. It thus seems 
likely that chemicals that reduce the titer of “trans- 
missible-virus” in diseased plants could be as useful 
as chemicals that only affect susceptibility to infection 


weekly intervals on aphid transmissibility of PVY from 


transmission at following 


of days after spraying 


8 16 Ave Phvtotoxicity 
68 85 72 

63 65 68 Slight 

50 70 61 Slight 

a7 52 62 Slight 

62 60 52 Slight 
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sStM™MARY 


When drainage water from Cleome plants in- 
fected with tobacco necrosis virus (TNV), from 
tobacco plants infected with tobacco mosaic virus 
(TMV), and from bean plants infected with the 
hean strain of TMV was used as inoculum on cow 
pea, bean, and cowpea. respectively, lesions typical 
of these viruses resulted. No infectivity was de- 
tected in drainage water from tobacco plants in- 
fected with cucumber mosaic virus, from beans ot 
cowpeas infected with peach vellow bud mosaic, or 
from beans infected with peach ring spot virus. It 
is believed that the release of virus from the roots 
of plants infected with TNV explains the natural 
spread of this virus in greenhouses. Tests failed to 
detect uptake of TNV and TMV by uninjured roots. 
Suspensions of TMV and TNV in which healthy 
Cleome or tobacco roots had stood for several hours 
were more infective than control suspensions with- 


out roots. 





Introduction.—-The natural release of virus from 
living infected tissues is common with several animal 
viruses (10. 15). but is apparently not specifically 
described with plant viruses, though release of virus 
from roots is clearly implied in certain reports. Evi- 
dence of the release of tobacco mosaic virus (TM\ 
and tobaceo necrosis virus (TNV) from roots is there 
fore of interest and may be of importance in the 
infection eveles of these viruses. 

Although tobacco necrosis virus or viruses cause at 
least one field disease (3) and have been found in 


other field plants. with or without causing disease 


(iz. Zo most records of its occurrence and spread 
ire in greenhouses (2. 5, 8. 13. 16). On tobacco (16). 
Primula (2. 13). and strawberry (5), it is reported 


almost exclusively in greenhouses, and isolation at- 
tempts from field plants have usually been negative 
Therefore. a study of the life evele of this virus might 
logically be confined. initially at least. to determining 
how the virus is spread under greenhouse conditions. 
The natural infection cycle of TNV is not under- 
stood. Smith considered potting soil (16), water (16 
and air (17) as possible agents of dissemination. In 
his latest report (18) he wrote, “The natural means of 
spread is very unusual for plant viruses and is not 


properly understood. ... Presumably small pieces of 


infected tissue become incorporated in potting soil, 


Yarwood 


and the virus eventually makes its way into the roots 
of plants.” Bawden and Kassanis (2) and Szirmai 
(19) considered the possibility that Thielaviopsis and 
other fungi were vectors, but clear evidence implicat- 
ing a fungus vector is lacking. 

Roberts (14) noted that tomato plants grown in 
culture solution became infected with TNV and hypoth- 
esized that the virus had spread by means of culture 
solution from naturally infected plants growing in the 
same solution. This report is offset, however, by the 
observations of Smith (16) and Yarwood (26) that 
'NV added to solutions in which plants were growing 
did not cause infection. It is also reported (25) that 
[NV was not liberated by bean roots infected for 5 
days. but was liberated by Cleome roots infected for 
30 days (24). 

Other reports bearing on the liberation of virus by 
reots is negative evidence with TMV (22) and positive 
evidence with chlorotic streak of sugar cane (4) and 
with sugar beet latent virus (25). 

Frazier (5) reported that strawberry roots usually 
became infected with TNV when they came in contact 
with the bench tops of his greenhouse. He logically 
considered that the bench tops constituted a reservoil 
of the virus, but he did not detect the virus in a direct 
issay of scrapings of the redwood bench tops. His 
observations suggest the following infection cvele: 
rNV is released by the roots of infected plants, is dis- 
tributed on the bench tops by irrigation water escap- 
ing through the drainage holes in the bases of the 
pots, and is transmitted to healthy roots that come in 
contact with this contaminated surface. The present 
paper explores this hy pothesis. 

Methods.— Of several strains of TNV available. the 
one principally used had been isolated from soil from 
Salinas, California, and called Cleome TNV_ (24). 
Inoculation of Cleome spinosa was by pouring a sus- 
pension of virus-infected leaves or roots, or the drain- 
age water from virus-infected plants, over the soil, 
though each of these methods has given inconsistent 
results. Transmission of the other viruses was by 
inoculation of leaves by standard methods. Infectivity 
of TNV inoculum was tested by brushing the test 
suspension onto the upper surface of carborundum- 
dusted cowpea (Vigna sinensis). bean (Phaseolus 


vulgaris). cucumber (Cucumis sativus). or tobacco 
( Vicotiana tabacum) leaves. 


lo determine if plants were infected with TNV, 
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extracts of the roots were assaved on cowpea. If 
drainage water was to be tested, the plants were 
grown in standard 4-, 5-, or 6-in. porous clay pots with 
drainage holes in the bottoms, and the standard pots 
were placed in waterprool glazed pots. These pro- 
tected the roots from contamination by the benches, 
permitted emerging roots to be maintained without 
injury. and facilitated the collection of drainage water. 
The criterion of the release of virus from roots was 
the presence of virus in the drainage water of plants 
with infected roots and its absence in the drainage 
water of uninfected plants. including plants that were 
inoculated. 

Results.— Release of virus by roots Krazier’s (5) 
finding was confirmed that most uninoculated straw- 
berries in his greenhouse contained TNY. but that 
the virus was not detected in scrapings from the bench 
tops. In one such test. 6 plants with roots projecting 
through the drainage hole, and 6 younger plants with- 
out projecting roots were assayed for virus in the 
roots. From 10 to 400 assay lesions (average 168) 
resulted from the macerated roots of each of the older 
plants, and no lesions resulted from the reots of any 
of the younger plants. The fresh drainage water from 
3 of the older plants vielded 2. 2. and 3 lesions each. 
The drainage water from the 3 other infected plants 
Was negative. as was the drainage water of all 6 
plants that did not yield infected roots. 

One reason Frazier did not recover TNV from the 
bench tops may have been the low concentration of 
TNV in the drainage water from infected strawberries. 
While only 2. 2. 3. 0. 0. and O lesions resulted from 
the assay of drainage water from 6 infected straw- 
berry plants, the assay from TNV-infected Cleome 
was usually much greater. In about half the trials. 
the number of lesions from the drainage water of 
TNV-infected Cleome was not recorded. but in each 
of 11 trials the assay of drainage water at 17 or more 
days after inoculation yielded virus. and in 4 repre- 
sentative cases the number of assay lesions on 2 cow- 
pea leaves was: 0 at 8 days after inoculation, 22 at 
17 days, 100 at 48 days. and 90 at 105 days after 
inoculation. 

Though these numbers of lesions are greater than the 
numbers from the drainage water from strawberries, 
they are much lower than the numbers of assay lesions 
from standard inoculations with 1:100 suspensions of 
locally infected bean. cowpea, Cleome, or tobacco 
leaves. 

The infectivity of drainage water from tobacco in- 
fected with ordinary tobacco mosaic, given as days 
from inoculation on tobacco to assay on bean, and 
number of lesions on bean, for trials between Novem- 
ber 23 and March 17, was, respectively, as follows: 
0-0, 3-0, 9-0, 15-11, 22-46, 24-134, 30-400, 33-27, 
37-140, 45-243, and 60-23. All assays up to March 
17 for infections 15 or more days of age were posi- 
tive. In several trials since March 17, infectivity of 
drainage water has been surprisingly low, and the 
reason is unknown. In one trial, virus was recovered 


from the drainage water of beans infected with the 
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bean strain of TNV (1). but in 2 trials, no virus was 
recovered. In all trials to date, assays of drainage 
water have been negative for cowpeas infected with 
the bean strain of TNYV. for beans and cowpeas in- 
fected with peach yellow bud mosaic virus, for beans 
infected with peach ring spot virus. and fer tobacco 
infected with cucumber mosaic virus. 

Another reason why Frazier did not recover the 
virus from scrapings of the bench tops was likely the 
toxicity of redwood extracts. which may be as inhi- 
bitory to the infection process with viruses as to the 
growth of wood-decaving fungi (7). To reduce the 
uptake of redwood tissue. a brush extraction method 
of assay (23) was used. A wet poster brush was 
stroked directly over various parts of the bench on 
which potted strawberries were growing. and then over 
indicator cowpea leaves. In this first test. one location 
vielded 40 TNYV lesions on 2 assay cowpea leaves, and 
two other locations yielded no virus. 

In another trial, 1:100 tissue extract from TNV- 
infected Cleome leaves was added to dry unwashed 
redwood boards and to similar boards that had been 
soaked in water. scrubbed intermittently during about 
$ hours, and dried. At 1 hour after adding the virus 
to the boards, the virus was taken up by scraping and 
by brush extraction, and assayed. The number of 
lesions that resulted was 268 for the original untreated 
suspension, 121 for the brush extraction of the washed 
redwood, 4 for the scraping extraction of the washed 
redwood, 17 for the brush extraction of the unwashed 
redwood, and 1 for the scraping extraction of the 
unwashed redwood. It seems clear that contact with 
redwood inactivates the virus or inhibits the infection 
process, and that brush extraction reduces this inae- 
tivation. 

In another trial. drainage water from TNV-intfected 
Cleome was added to redwood and then used as 
inoculum. Here again, virus was recovered and the 
inactivation was less when the virus was taken up by 
brush extraction than by scraping. 

The effect of humidity and duration of exposure of 
1:100 TNY-infected tissue was also tested. The re- 
sults (Table 1) show that the virus was inactivated 
more rapidly in a dry than in a humid environment, 
and again more rapidly on unwashed than on washed 
redwood boards. 

From these data it is estimated that the half-life of 
this dilute virus was about 80 hours in a water sus- 
pension, about 1 hour on a washed redwood board in 
a dry environment, about 8 hours on a washed red- 
wood board in a moist chamber, and 3 hours en an 
unwashed redwood board in a moist chamber. By 
contrast, in another trial. the half-life of the virus in 
the laboratory was about 46 hours in a water sus- 
pension, and about 9 hours as a drying deposit on 
glass. 

Preservation of virus by roots.—Preservation of 
virus by roots was discovered accidentally during tests 
of the possibility of absorption and adsorption of virus 
by roots. Some previous trials of uptake of TNV by 
unwounded roots had been negative (2. 16, 25), but 
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TABLE | Effect of condition of exposure of tobacco necro- 


sis virus on infectivity of the virus 
Assay lesions per cowpea leaf 
at indicated times from 
preparing Virus suspension 


Method of exposing 5 19 12 69 


the virus hours hours hours hours 

Stock suspension in flask 121 107 71 69 
On washed redwood board 

in dry greenhouse 3.5 0 0 0 
On washed redwood board 

in moist chamber 136 19 rj ] 
On unwashed redwood board 

in moist chamber 139 3.5 0 0 


the inferred absorption of TNV by roots reported by 
Roberts (14), the indicated absorption of sugar cane 
chlorotic streak virus reported by Bird, Cibes, and Ti6 
(4). and the specified absorption of encephalomyelitis 
virus by Murphy (11) 
that this problem should be re-examined. 

Tobacco and Cleome roots projecting through the 


suggested 


roots reported by 


drainage holes of 4-in. pots were washed, allowed to 
stand in water for 1 day, and immersed in pint jars 
of dilute virus suspension, and the plant parts and the 
virus suspension were separately assayed at intervals 
fer virus. The soil was not watered, and the pots did 
net touch the virus suspension, but immersion of the 
projecting roots in water or in dilute virus suspension 
turgid plants in a dry 


was adequate to maintain 


greenhouse for several days. Controls consisted of 
aliquots of the same virus suspension in similar jars 
Plant 


parts were consistently free of virus according to the 


and a similar environment. but without roots. 


assay. but virus suspensions in contact with the roots, 
called infectivity 
less rapidly than control 
Cleome started with 3:10,000 of TMV-infected tobacco 
tissue on March 31, the respective numbers of TM\ 


hereinafter root-contact virus. lost 


virus. In one trial with 


lesions resulting from control and root contact virus 
were 325 and 313 at 2 hours. 37] and 611 at 4 hours, 
28 and 201 at 9 hours, 2 and 12 at 24 hours. 0 and 18 
at 33 hours. 0 and 3 at 73 hours. and O and 2 at 81 
hours. In another trial the values were 65 and 47 at 
10 hours, 36 and 80 at 17 hours, 12 and 62 at 20 
hours. 0 and 4 at 33 hours, and 1 and 29 at 41 hours. 
In each of the other trials. one with TNV and Cleome 
roots and 2 with TMV and tobacco roots, the trend 
was similar. but of smaller magnitude. In one of the 
above trials, 3.4 g (blotted wet weight) of roots were 
immersed in 400 ml of original virus suspension. In 
the other trials, the weight of roots was not deter- 
mined but is believed to have been less. The apparent 
increase in infectivity noted at 4 hours, 17 hours. and 
41 hours is believed to be an illusion caused by the 
diurnal susceptibility of beans to TMV (23) or by 


other undetermined causes. It appears that exuda- 
tions from the roots preserved the virus in these dilute 
suspensions against normal inactivation with time, but 
did not increase infectivity over that originally present. 
A parallel observation was that the TMV or TNV 


root-contact virus suspensions be ame opt ally clearet 


thar the control suspensions 
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To explain the preservation of virus by roots, it 
could be that metabolites released by roots activated 
the virus. As a test of this, the water in which the 
projecting roots of tobacco or Cleome had stood for 
several hours was added to suspensions of TMV and 
TNV and the mixtures tested as inoculum. In no case 
was the infectivity of the test virus suspensions greater 
than that of controls to which water was added. In 
other trials, germinating seeds of barley, pea. cucum- 
ber, mung bean, and cowpea were immersed in suspen- 
sions of TMV or TNV for several hours. but in all 
cases the infectivity of these suspensions was less than 
that of the original untreated virus. Water extracts 
of ground seedling roots of barley, bean, and cucumber 
at 1:100 concentration of the original roots also re- 
duced the virus infectivity, which is in accord with 
the findings of Fulton (6). Extracts of these same 
seedlings at 1:1.000 and 1:10.000 had no certain effect 
on virus infectivity. 

The preservation of virus by roots is probably inde- 
pendent of the release of virus by roots, but is re- 
ported on here because both phenomena appear to be 
important characteristics of certain soil-borne viruses. 

Discussion.—The release of virus by living infected 
reots likely plays a part in the infection cycles of 
TMV and TNV. With TMY, the importance of this 
release of virus is difficult to appraise because pre- 
known sources of infection (9, 21) appear 
With TNY, 


known sources of infection appear inade- 


viously 
adequate to explain the infection cycle. 
previously 
quate to explain the spread of the virus under green- 
house conditions, and the release of virus by living 
roots is believed to be the mayor method of dissemi- 
nation. 

It is natural to suggest that the release of TMV and 
TNV from roots results from the injury, decay, o1 
death of the roots or of individual cells of the roots, 
and is not a character of living cells. This same prob- 
lem is posed with animal viruses released by living 
With Rubin (15) re- 


infected cells release virus and remain 


tissues, Rous sarcoma virus, 
ported that 
alive. No dead roots were apparent at the time virus 
release in the drainage water was first detected for 
either TMV in tobacco or TNV in Cleome. With 
strawberry. where many decaying roots were present at 
the time TNV release from roots was detected, the 
amount of released virus measured was much less 
than with Cleome. 

According to these studies. the exchange of virus 
between the roots and external solution was in one 
virus moved out of infected roots, but 
This could be due 


Both 


phenomena are matters of some implied disagreement 


direction only: 
roots, 


did not move into healthy 
to errors of determination or it could be real. 


between investigators. as mentioned earlier. With cer- 
tain animal (10), the 
viruses are believed to move into and out of intact 
It is well known. of course. that plant viruses 


viruses, on the other hand 


cells. 
normally enter through wounds, whereas this is not a 
general rule with animal viruses. 


Release of virus by roots was detected only for 
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TMV and TNV of the 6 viruses tested. TMV and TN\V 
are among the most stable plant viruses known, and 
this stability would favor detection of virus release, 
especially if release is a slow process But there is 
no good reason to believe that peat h vellow bud mosaic 
virus, peach ring spot virus, and cucumber mosaic 
virus are so unstable as to preclude detection of release 
from roots. It presents an interesting problem for 
further research.._Department of Plant Pathology, Uni 


versity of California. Berkeley 
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S_ VMIARY 


Detached leaves of Little Club wheat seedlings 
infected with race I5B of Puccinia graminis var. 
tritici were supplied with various sugars and sugat 
alcohols. Uredia developing on detached leaves 
kept in the dark and maintained in test solutions 
were graded by comparing them to uredia develop- 
ing on detached leaves maintained in 3. standard 
solutions—-sucrose, mannose. and distilled water. 
Only the hexoses, glucose and fructose, and the 


oligosaccharides composed ot glucose and ol 


fructose moieties were capable of supporting vigor- 
ous growth and sporulation of the stem rust fungus 


The sugar aleohols caused varying degrees of 
pustule blackening. the most effective being  sor- 
bitol, then mannitol. The mycelium of uredia 
blackened by the sugar alcohols was capable of 
resuming normal sporulation if the sugar alcohol 
that induced the blackening was replaced by a 
sugar that favored rust sporulation. Sorbitol. when 
spraved on intact infected seedling leaves. caused 
uredia to blacken: when the sorbitol spravs were 
discontinued, the rust once again sperulated nor- 
mally. More than 50°, germination occurred in 
urediospores from intermediate to large uredia de- 
veloping on detached leaves maintained in various 
sugar solutions: less than 50°, germination was 
generally characteristic for urediospores from small 
to intermediate uredia. Urediospores blackened by 
the sugar aleohols were nonviable regardless of 
pustule size. Blackened uredia examined micro- 
scopically were very dissimilar to normal uredia: 
the developing spores were discolored and = mis- 
shapen. and the mycelium in close proximity to 
the region of spore formation was discolored, as 
were the walls of host cells in close association with 
the spore-forming mycelium. 
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Study of the physiology and the metabolism of 
cereal rust fungi, obligate parasites that cannot yet 
be grown 2part from their natural host tissue, neces- 
sitates consideration and inclusion of the host or a 
part of the host unless the study is restricted to work 
on the fungus spores or on the spore germination 
Nutritional requirements for germination 


processes. 


of spores may differ greatly from requirements for 


growth of the rust mycelium within the host tissue. 
It thus is frequently impossible to study the rust 
fungus by itself. and the host must be included in the 
experimental material. However, it may be necessary 


in some way to arrest or retard some metabolic 


processes in the host for a brief time in order to study 
special physiological reactions. Several investigators 
(1. 2. 4.5. 6. 8. 10, 12. 15, 16) resorted to detached- 
leaf cultures for studying rusts and the variability of 
Withholding light and 


lowering the temperature retard photosynthesis and 


rust development on the host. 


metabolism in the detached plant parts, and various 
compounds can be supplied directly to the cut leaf. 
The present researcher attempted to assay various 
substances such as vitamins, amino acids, carbohy- 
drates, and metabolic antagonists for their effects on 
the development of Puccinia graminis Pers. var. 
tritici Erikss. & E. Henn. on detached leaves of wheat 
(9). Of many compounds assayed, only the sugars and 
affected such development. 


these 


sugar alcohols markedly 


This report is restricted to findings with 

compounds. 
Literature review.—-The sugars were studied at 

an early date to determine their effect on rust develop- 


ment. Mains (4). 


infected with Puccinia sorghi Schw.. found that corn 


using detached-leaf cultures of corn 


rust developed on corn leaves in the dark only when 


a carbohydrate source supplemented a mineral 
nutrient solution. 

Waters (12 
spore formation of bean rust through the use of de- 
He found that the rust developed 


sucrose solution and developed 


tried to control teliospore and uredio- 


tached bean leaves. 
best with a 5-7% 
poorly with distilled water. 

Yarwood (15), experimenting on 4 clover leaf para- 
sites. including clover rust. found that an unsterilized 
10°, solution of 
Uromvyces on excised leaflets of clover. 


sucrose was best for developing 
Pohjakallio (6) placed cut stems of Festuca praten- 
sis Hudson and other grasses infected with species of 
Puccinia into solutions of various sugars: the uredia 
were more numerous and larger. and sporulated more 
profusely, on stems maintained in the sugar solutions 
than on controls maintained in water alone, 
Sempio (8) noted that bean leaves infected with 
Uromyces appendiculatus (Pers.) Link were in poor 
condition and supported no pustules when the de- 
tached leaves were placed in water. Similar leaves 
in a sorbose solution remained in a fairly good con- 
dition, but only traces of uredia were found. most 


having aborted. Leaves in a fructose solution also 


remained in a good condition, but. in addition, the 


leaves were nearly covered by vigorous uredia. 
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Wu (14) found that stem rust was able to sporulate 
on albino barley only when sucrose was supplied to 
the leaves. 

1) was able to induce stem rust to grow 


Browning 
on normally rust-resistant oat varieties by detaching 
the leaves and supplying them with a 2°% glucose or 
Similarly, Simons (10) found that 
oat leaves often became more susceptible to crown 


rust when detached and placed in a 2“ sucrose solu- 


sucrose solution. 


tion. 

Trelease and Trelease (11) made an extensive study 
of the effect of carbohydrate supply on the suscep- 
tibility of wheat to powdery mildew. They found that 
the fungus developed vigorously on detached wheat 
leaves if carbohydrates were supplied. 

Seedlings of Little Club 
(race 


Materials and methods. 
wheat were inoculated with wheat stem rust 
15B) when the first seedling leaf was fully expanded. 
usually about 7 days after planting. The inoculated 
plants were placed in the greenhouse until flecking 
occurred. Leaves that were flecking were detached 
just above the point where the primary seedling leaf 
broke through the coleoptile. The second seedling leaf, 
which had emerged after the primary leaf was inocu- 
lated, was also removed. The detached and trimmed 


leaf was immediately washed 2—3 hours under running 


tap water. The washed leaves were plac ed in test 
tubes containing 2—4 ml of the test solutions: 0.3M 
concentrations of 9 monosaccharides (3 pentoses and 
6 hexoses), 5 disaccharides, 2 trisaccharides, and 6 


sugar alcohols. The test tubes were loosely sealed by 
capping with aluminum foil and placed in a controlled- 
at which temperature 


the leaves remained in good condition for 1-2 weeks. 


temperature refrigerator at 15 C, 


and saprophytic contaminants were not troublesome. 
Absence of light prevented the leaves from synthesiz- 
ing their own food materials and thus negating the 
effects of the carbohydrate solution in which they were 
inserted. Seven davs after be ng put into the solutions 
(14 days after inoculation), the leaves were examined 
for rust readings. 

The general vigor of the lesions (e.g. uredial size, 
sporulation, and color) on leaves in test solutions were 
compared with the vigor of uredia developing on leaves 
maintained in 3.) standard O.3M sucrose, 
0.3M mannose. and distilled water. The uredia on 
leaves supplied with O0.3M sucrose were large. pale 
sporulation 


solutions: 


oc asionally red brown. and 


Uredia on leaves in O0.3M mannose were 


orange ofr 
was good. 
intermediate in size between the uredia on leaves in 
0.3M sucrose and those on leaves in distilled water; 
they were almost normal red-brown, and sporulation 
was only fair. The uredia on leaves in distilled water 
were small, pale orange, cottony in texture instead of 
the normal powdery consistency, and sporulation was 
poor. Fig. 1 illustrates the conspicuous differences in 
vigor of pustules produced on leaves maintained in 
sucrose (A), mannose (B). and distilled water (C). 

When spore germination was studied, spores were 
taken from solutions, 


mixed on a glass slide with distilled wate: 


uredia on the leaves in test 
incubated 
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Fig. 1. Developing uredia of wheat stem rust on de- 
tached leaves of Litthe Club maintained in various sugar o1 





sugar alcohol solutions: A) Large uredia (on leaves main 
tained in a 0.3W sucrose solution: B) Intermediate uredia 
1 O.3VM mannose solution; C) 
Small uredia (on leaves maintained in distilled water); 
D) Blackened uredia (on leaves maintained in a 0.3M 


mannitol solution) 


(on leaves maintained i 


24 hours in a moist Petri-dish chamber. and readings 
then taken. 

Histological examinations were made of some of the 
infected and treated leaves. Thin sections were made 
by hand-sectioning the material on pith blocks: the 
sections were floated out on water and then mounted 
in lactophenol. Semi-permanent mounts were made by 
placing a coverslip on the preparation and sealing the 
edges of the coverslip with clear nail lacquer. 

Experimental results. Stem rust development on 
detached leaves of Little Club wheat as influenced by 
various sugars and sugar alcohols.—Results indicated 
that sugars and sugar alcohols at 0.3W concentration 
decidels affected rust development on detac hed leaves: 

The pentoses (1L-arabinose, p-xvylose, and p-ribose), 
as a group, were not effective in increasing pustule 
size. Only small pustules appeared when arabinose 
was supplied. and the slightly better pustules with 
xvlose and ribose were rated as intermediate 

The hexoses (L-sorbose, t-rhamnose, p-galactose, 
D-mannose, D-glucose, and p-fructose) induced pustules 
ranging in size from the small uredia on leaves in 
sorbose, rhamnose, and galactose. to the intermediate 
uredia on leaves in mannose, to the large uredia on 
leaves in glucose or fructose The two hexoses, glucose 
and fructose, induced a decidely larger pustule than 


did anv other hexose or pentose, but slightly smaller 
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than pustules on plants in the greenhouse. 

The disaccharides and trisaccharides were of interest 
because all uredia observed were either uniformly 
large (D-sucrose, D-maltose, and p-cellobiose among 
the disaccharides, and p-raffinose and p-melezitose 
among the trisaccharides) or ranged from intermediate 
to large (p-lactose and p-melibiose, both disaccha- 
rides). The development of rust as influenced by the 
di- and trisaccharides seemed to be correlated with the 
component monosaccharides that make up the oligo- 
saccharide, for rust development was greater with 
di- or trisaccharides composed of hexoses such as 
glucose and fructose (sucrose. maltose. cellobiose, 
rathnose, and melezitose) than with sugars composed 
in part of galactose moieties (lactose and melibiose). 

The sugar alcohols, reduction products of the sugars, 
adversely affected rust development. Not only was 
uredial development poor (p-mannitol, L-arabitol, 
f-inositol, and p-dulcitol) to, at most, intermediate 
(p-sorbitol). but there was often a pronounced black- 
ening of the pustule itself, a portion of the pustule, 
or the subepidermal area around the pustule. Yet, 
glycerol, a trihvdric alcohol, induced intermediate 
uredia without the blackening effect associated with 
the other sugar alcohols tested. 

Germination of urediospores from pustules on de- 
tached leaves in various sugar or sugar alcohol solu- 
tions. Since the sugars and sugar alcohols affected 
rust development and pustule size so pronouncedly, it 
was decided to test the germinability of urediospores 
from pustules on detached leaves in various sugar or 
sugar alcohol solutions. [ rediospores were taken trom 
detached leaves inoculated 14 days previously ; rust 
lesions on intact control plants in the greenhouse 
were sporulating abundantly at this time, a+ were 
those on leaves in sugar solutions that favored pustule 
development. Judged by germination counts, the 
various spore samples fell into 2 groups: uredio-pores 
with less than 50° germination. a behavior associated 
with small to intermediate pustules on leaves in ribose, 
galactose, arabinose. sorbose. rhamnose, mannitol, 
arabitol. dulcitol, and inositol: and urediospores with 
greater than 50°) germination, a behavior associated 
with intermediate to large uredia on leaves in glucose, 
fructose. sucrose, maltose, cellobiose, rafhinose, mele- 
zitose, lactose, melibiose, xvlose, mannose, sorbitol and 
glycerol. Blackened spores from uredia on leaves 
treated with sugar alcohols were nonviable. though 
samples were occasionally encountered that had about 
1°, germination, 

Germ tubes of spores taken from pustules on leaves 
in sugar solutions favorable to pustule development 
were normal in most respects. being long. well 
branched, and vigorous, though perhaps slightly paler 
than the germ tubes of comparable spores that devel- 
oped on the leaves of intact’ greenhouse controls. 
However, spores from leaves in sugar solutions rela- 
tively unfavorable to pustule development either gave 
rise to short, pimple-like extrusions at the germ pores 
of the spore or formed thin, short, infrequently 


branched germ tubes. 
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Treatment of tnoc ulated detached leaves with sugars 
and sugar alcohols in various combinations.—It was 
first believed that mannitol, because of its extremely 
close structural resemblance to mannose, was antago- 
an idea derived from theories of 


nizing Mmadhhose 


metabolite antagonists as proposed by Fildes (3) and 
Woods (13) 

Consequently, various experiments were designed to 
test the validity of this hypothesis. Little Club leaves 
inoculated with race 15B of Puccinia graminis var. 
tritici were detached in the late flecking stage and 
subjected to the following treatments: 

1) Continuous maintenance for 7 days in one solu 
tion: a) water: b) O.3VW sucrose: c) O0.3MW mannose; 
d) 0.3.M mannitol. 

2) Two days in one solution followed by 5 days in 
mannitol; b) sucrose and 


another: a) water and 


mannitol: ¢ nannose and mannitol: d} mannitol and 


water: ¢ mannitol and sucrose; {) mannitol and 
mannose 

3) Continuous maintenance for 7 days in a mixed 
sugar and sugar alcohol solution: a) mannose and 
mannitol in v/v ratios of 1:1, 1:2. 1:3. 2:1, and 3:1; 
b) sucrose and mannitol in the same ratios. 

It was thus hoped to determine whether the black- 


ening caused by mannitol was reversible when an 


infected leaf was transferred from mannitol to a sugar 


solution favoring rust development or, conversely, 
whether there was any carry-over or protective effect 
of a sugar favering rust development when the transfer 
was made to a mannitol solution. Similarly, it was 
hoped to determine whether varying mixtures of man- 
nitol with either mannose or sucrose had any additive 
All solutions, 


whether of one sugar or a mixture, were 0.3M. The 


or ameliorating influence on blackening. 


detached leaves in the sugar or sugar alcohol solu- 
tions were placed in the 15 C controlled temperature 
refrigerator. 

The results indicated that the blackening caused by 
mannitol could be counteracted by mannose and/o1 
sucrose with sucrose much more effective. For exX- 
ample. when an infected leaf was kept in mannitol 
the pustule was blackened, wholly or partially (Fig 
1-D). depending on the number ot spores that had 
been produced before leaf detachment and treatment 
with the mannitol. If the leaf was detached before 
many speres had formed in the uredium, the whole 
pustule was blackened: if it was detached after a 
considerable number of spores had formed, only the 
border of the uredium was blackened, and the center 
of the pustule had pale orange to red-brown spores 
formed before leaf detachment and insertion in the 
mannitol solution. Now, if the leaf was transferred to 
a sucrose solution after an initial period in mannitol, 
the center of the uredium remained blackened but 
surrounding it was a ring of pale orange to red-brown 
sporulation induced by the sucrose. The “recovery” 
did not change the spores already blackened by the 
mannitol. but the rust mycelium would, upon removal 
from mannitol to sucrese, proceed with its normal 


tvpe of sporulation. Mannose, being generally less 
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favorable than sucrose to pustule development, pro- 
duced a smaller recovery effect, so that the sporula- 
tion developing after removal from mannitol to man- 
nose was less than that induced by removal to sucrose. 
Removal from mannitol to distilled water produced no 
recovery, for the rust mycelium understandably did 
net go on to sperulate normally. 

The results were equally significant when leaves 
were transferred from mannose, sucrose, or water to 
mannitol. For instance, when leaves were kept 2 days 
in distilled water before transfer to mannitol, very 
few of the 


When leaves were transferred from mannose to man- 


pustules were blackened after 5 days. 


nitol the pustules were small to intermediate after 5 


days, and a faint blackening was just beginning 


around these pustules. However, when leaves were 
transferred to mannitol from sucrose, there was, at 
the end of 5 days, a large central pustule, character- 
istic of sporulation induced by sucrose, surrounded 
by large areas of blackened sporulation that formed 
subsequent to formation of the central pustule. 

The results may be interpreted as follows: mannitol 
is effective in blackening the pustule only during, and 
at the site of, 


viously deleterious to the rust mycelium as a whole, 


spore formation; mannitol is not ob- 


but primarily to the spores and to the spore-forming 
mycelium in close proximity to the region of spore 
formation. 
from mannitol, which has blackened the developing 


Consequently, when a leaf is transferred 


pustule, to sucrose, the mycelium can proceed to form 
new normal spores. When leaves are transferred from 
water to mannitol, very few spores are in the process 
of being formed. because of exhaustion of whatever 
sugar was originally present in the wheat leaf and a 
lack of a supplementary energy source; hence. the 


mannitol is ineffectual in blackening the  pustule. 


When 


there is usually some pustule development and spore 


leaves are transferred from mannose, where 
formation, to mannitol. spores in the process of forma- 
tion are blackened by the mannitol——-hence, the sug- 
gestion of a faint blackening around the central pus- 
tule induced by the mannose. But spore formation is 
stimulated most strongly by sucrose, and when the leaf 
is transferred from sucrose to mannitol, the mannitol 
affects the numerous spores that are in the process of 
developing: this results in the blackening of relatively 
large areas surrounding pustules on leaves that have 
been transferred from sucrose to mannitol. 

Mixed solutions of mannitol and either mannose or 
sucrose supported uredia that were blackened in pro- 
portion to the amount of sugar alcohol present in the 
mixture. Again, the uredia that were sporulating most 
abundantly (those in test solutions containing sucrose ) 
had the greatest area of blackening. 

When it was discovered that sugar alcohols other 
than mannitol could cause blackening. the theory of 
specific antagonism of mannitol to mannose became 
untenable. The amount of pustule blackening seemed 
to be correlated with the ability of the sugar alcohol 
to support rust sporulation: the greater this ability to 


encourage sporulation (e.g., sorbitol), the greater the 








amount ot blac kening olye f rol is an exe eplion). The 
least able of the sugar alcohols to support spore for- 


mation, as determined by pustule size, were dulcitol 
and inositol, and these sugar alcohols produced the 
least blackening. Arabitol was intermediate in ability 
beth te support rust development and sporulation and 
to cause pustule blackening. These observations seem 
to bear out the supposition already mentioned, that 
the sugar alcohol is effective in causing blackening 
during the process of spore formation, the less spore 
formation occurring. the smaller the amount of black- 
ening, and vice versa. 

The experiments reported herein involved rust’ in- 
fections established on seedling leaves of wheat. In 
supplementary experiments using detached, relatively 
mature wheat plants (boot to heading stages), the 
stem rust lesions reacted similarly to those on de- 
tached seedling leaves when subjected to sorbitol 
solutions—that is. blackening occurred. Similarly, 
recovery from blackening with subsequent normal 
sporulation resulted when the plants were transferred 
from the sorbitol solution to an environment favoring 
normal rust development 

Treatment of intact Little Club leaves with mannitol 


Will sugar 


mannitol, which cause blackening of rust pustules in 


and sorbitol. als ohols sult h as sorbitol and 
detached leaf culture. also induce blackening of uredia 
lo determine this. Litthe Club seed 


lings were inoculated with race 15B of Puccinia 


, 


on intact leaves / 


graminis var. tritici and kept in the greenhouse until 
the late stage of flecking. 7 days after inoculation. 
The plants were then taken to the laboratory. where 
they were sprayed with either sorbitol or mannitol 
solutions (O0.3W concentration) to which had been 
These 


plants were kept in the weak light of a north window 


added 1 of 3 different) penetrating agents.! 


and were spraved to run-off every day for the next 
week with about 15 ml of the sugar alcohol solution 
per 2 pots, each pot containing 10 seedlings. At the 
end of the 7 days it was noticed that no blackening 
of pustules occurred on plants spraved with mannitol. 
but there was extensive blac kening of uredia on plants 
spraved with the sorbitol, regardless of the penetrant 
used. The absence of blackening with mannitol was 
possibly due to rapid erystallization of mannitel on 
the leaf surface and failure of the mannitol solution 
to penetrate the leaf. The sorbitol. on the other hand. 
staved im solution, and consequently penetrated the 
leaves and blackened the rust pustules 

In detached-leaf culture. the rust mycelium = was 
able to produce normal secondary sporulation in the 
uredium after treatment with mannitol if the leaf was 
put into a sugar solution that favored rust develop- 
ment, e.g... sucrose. So. too, it was found that. if the 
spraying with sorbitol was discontinued and the plants 


were put under good light conditions where thev were 


able to carry on photosynthesis actively. the rust would 


proceed to develop a diamond shaped ring of normal 


Soromine FW (paste), Antara Chemicals. 0:05 g 15 ml 
solution, Monosulph Nopco Chemical Co drops 0) mil 


solution. Victawet 12, Victor Chemical Works: 1 drop/15 
ml solution. 
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secondary sporulation beyond the blackened area of 
the primary pustule. This corroborates the findings in 
detached-leaf culture that the rust fungus in a pustule 
blackened by a sugar alcohol, such as sorbitol, is 
able to recover if conditions favor further sporulation, 
Vicroscopic examination of blackened uredia. 
Uredial pustules blackened by mannitol were hand- 
sectioned, mounted in lacto-phenol, and examined 
under the microscope. In comparisons with pustules 
developing on greenhouse controls, great dissimilarities 
were noted. Most striking was the dark coloration of 
the spores and the rust mycelium in close proximity 
to the region of spore formation. Pale-orange uredio- 
spores were usually found in the center of the erump- 
ent part of the pustule, these spores most) probably 
having developed before the mannitol took effect. 
The blackened spores and mycelium were actually a 
smoke-gray color when viewed under the microscope: 
blackened spores were atypical in structure, being 
misshapen and shrunken as well as nonviable. Masses 
of darkened spore-forming mycelium were frequently 
seen wedged between epidermal cells. appearing to 
be forcing them apart. The dark coloration of an 
affected pustule was not due alone to the discoloration 
of the urediospores and to the mycelium in close 
proximity to the spores, but also to darkened walls of 
host cells in close association with the spore-forming 
mycelium. This was especially true of the epidermal 
cell walls. particularly the outer cell wall and. to some 
extent, the walls of nearby parenchymatous cells. 
Parenchymatous cells only a short distance from the 
spore-forming mycelium were normal in all respects, 
having no discolored cell walls. Haustoria in these 
parenchyma cells also were normal, as far as could 
be determined by examination with the microscope. 
as was the mycelium found in the interparenchymatous 
spaces. It is to be noted that only the developing 
spores (as determined by their comparative size). the 
mycelium associated with developing urediospores, and 
the walls of host cells adjoining the spore-forming 
mycelium were discolored: the rust mycelium and host 
cells at any distance from the region of spore forma- 
tion were not discolored and were normal. with only 


rare exceptions, as far as could be determined. 


Discussion. These series of studies on detached 
leaves have shown that sugars markedly affect rust 
development. Yet it is to be realized that the experi 
mentation was made on a variety of wheat susceptible 
to the race of rust used. and after the fungus had 
established its parasitic relationship with the host. It 
might well be that the wheat leaf. unable to photo- 
synthesize. because of the absence of light. was able to 
supply all nutrients required by the rust other than 
the necessary sugars. and thus the factor limiting rust 
development was the sugars. 

The action of mannitol in causing blackening of 
rust pustules was. at first. believed to be indicative 
of a metabolite antagonist reaction in which mannitol 
competitively inhibited mannose. It was thought that 
the close structural resemblance of mannitol to man- 
nese. and the presence in normal rust urediospores of 
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relatively large quantities of mannose (7), combined 
with the abilitv of blackened pustules treated with 
blackening effect of 


supported the theory of antimetabolites as 


mannose to recover trom. the 
mannitol 
proposed Dy Fildes (3) and Woods (13 


experiments, in which several different sugar alcohols 


Subsequent 


besides mannitol were capable of causing pustule 
blackening. sorbitol having been found to be even 
more effective than mannitol, coupled with the greater 
ability of such sugars as sucrose to effect a recovery 
blackening. seem to invalidate any 


from pustule 


specific metabolite-antimetabolite competitive inhibi 
tion. Such competitive inhibition is usually associated 
with a much more specific metabolite-antimetabolite 
relationship than the generalized energy-sugar—sugat 
of the 


Department of 


alcohol complex found to be characteristic 
phenomenon of pustule blackening 
Plant Pathology and Botany. Institute of Agriculture 


University of Minnesota. St. Paul. 
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SUMMARY 


luorescens obtaine | 


Iwo isolates of Pseudomonas { 
in dilution plates as contaminants during isolation 
of Xanthomonas fuscans from diseased bean plants 
proved antagonistic in vitro to 17 of 19 bacterial 
plant pathogens of 4 genera. P. 


decided antagonism to P., 


fluorescens showe | 
phaseolicola on potato 
glucose agar but not on nutrient agar. Severe in 
fection resulted when a suspension of the pathogen 
in water or broth (with a slight amount of 400 
mesh Carborundum added) was rubbed lightly on 
the leaves with a cheesecloth pad or atomized on 
the plant at 16 Ib. pressure. P. 
applied after inoculation with P. 
no effect upon infection, but was an excellent 


Huore scens thus 


phaseolicola had 


protectant when applied before inoculation. 





It has occasionally been observed during the isola- 
tion of bacterial plant pathogens by the dilution plate 


method that certain contaminants appearing in the 


agar are antagonistic to the pathogen that one is 
endeavoring to obtain in pure culture. A clear zone, 
in which the pathogen does not grow, eccurs around 
such a contaminant. Such a situation arose in a 
study ol Pseudomonas phaseolicola ( Burk.) Dows.. 
Yanthomonas phaseoli (KE. F. Sm.) Dows., and X. 
fuscans (Burk.) Burk. (2) inoculated artificially into 
bean plants in the greenhouse. In attempts to reisolate 
these pathogens we observed certain bacterial con- 
taminants showing varving degrees of antibiotic action 
colonies 


toward the pathogens. These antagonistic 


were transferred to agar slants for further investiga- 
tions of their reactions with the bean pathogens and 
other plant pathogens both in vitro and in vivo. 

Such antagonistic relationships between microorgan- 
isms in the field of phytopathology have been reported 
frequently. An extensive review of such literature 
may be found in the senior author's M.S. thesis (5), 
deposited in the library of Cornell University. 

Preliminary tests with antagonistic isolates. 

The first step in the investigation of these organisms 


was screening of the antagonistic bacteria against the 
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bean pathogens. P. phaseolicola, X. phaseoli, or X. 
fuscans were seeded separately in 20 ml of cooled but 
fluid potato-dextrose agar (PDA) 
(infusion of 250 g potatoes, 0 g dextrose, 15 g agar). 
After the medium had solidified, each saprophyte was 
streaked across a plate of each seeding and allowed 


in a Petri plate 


to incubate 48 hours at 27°C. Pathogens and con- 


tauminants grew readily. All contaminants showed 
certain antagonistic properties, but 2, designated S-4 


and S-5, were particularly strong in their reaction 
toward the bean pathogens. A clear zone of about 10 
mm occurred on each side of the streak of S-4 and S-5. 
These 2 isolates, similar in appearance in colony 
form, had originated in different plates during the 
isolation of X. fuscans. 

Identity of the antagonistic isolates.-—\ study 
of the morphological and physiological characteristics 
of S-4 and S-5 was undertaken to identify the bac- 
terium. The pure culture studies followed recent 
standard techniques (3). The conclusions concerning 
the identity of these 2 contaminants are presented here 
so that they may be referred to subsequently by their 
specific name. 

The bacteria are non-spore-forming gram-negative 
rods. Cells from 24-hour cultures on nutrient agar are 
2.8 uw (1.6%3.9) by 0.84 « and are motile by means 
of 1-3 polar flagella. On nutrient agar, colonies are 
raised, shiny, slightly pinkish, and filiform or slightly 
spreading. Their consistency is butyrous. Broth is 
turbid in 12 hours, with a green fluorescent pigment 
produced in the surface layer. A thin pellicle is 
formed. Litmus is reduced in milk, and the medium 
becomes alkaline with no coagulation; a slight clear- 
ing with a surface serum is produced. In Uschinsky’s 
solution, there is a bluish-white turbidity that turns 
green on the addition of a few drops of NaOH solu- 
tion. A brilliant green pigment forms at the surface 
in Clara’s medium. Gelatin is liquefied and nitrates 
are reduced to nitrites. Indol and hydrogen sulfide 
are not formed. The bacteria are catalase-positive. 
In deep cultures of nutrient glucose agar, colonies are 
formed only occasionally, 10 mm below the surface. 
When grown in a synthetic medium, the bacteria 
utilize glucose, fructose, arabinose, mannitol, and 
glycerol with acid production. There is no growth 
with sucrose, salicin, or dulcitol, and very slight 
growth with lactose. Starch is not hydrolyzed, and 
cellulose is not decomposed. Optimum temperature is 
about 27°C. Growth occurs at 35° but not at 37 
Minimum temperature is 3 

The description of these 2 antagonistic bacteria 
agrees with the description of Pseudomonas fluorescens 
Migula in Bergey's “Manual of Determinative Bac- 
teriology” (1). The description closely resembles that 
of P. marginalis (Brown) Stevens in the same manual, 
but this species is pathogenic to potato tubers and 
other fleshy vegetables whereas the antibiotic isolates 
are nonpathogenic. Thus, S-4 and S-5 are considered 
strains of the common soil and water inhabitant P. 
Wakesman (6) as 


“among the bacteria most frequently mentioned as 


fluorescens, a species cited by 


LVol. 50 








possessing strong antagonism to pathogenic organisms,” 

Antibacterial spectrum of P. fluorescens.—In 
most of the in vitro and in vivo tests of P. fluorescens 
as an antagonistic bacterium, the pathogen used was 
P. phaseolicola, the cause of halo blight of beans. 
Tests in vitro were also made with 21 species of phyto- 
pathogenic bacteria of 4 different genera. The studies 
in vitro followed a modification of the filter-paper-dise 
methods used in determining the reactions of anti- 
biotics against various bacterial pathogens. Unless 
otherwise noted, the medium in which the pathogens 
were seeded was PDA. One drop of a young broth 
culture of the pathogen was added to 20 ml of the 
cooled fluid agar, which was then poured into a Petri 
plate. \fter the agar had solidified, 3 sterile filter- 
paper discs were placed on the surface of the agar at 
equal distances apart, and one drop of a 24-hour-old 
broth culture of P. fluorescens was placed on each 
dise. After incubation for 36-48 hours at 27°. inhibi- 
tion of the pathogen was evidenced by a clear zone 
surrounding each paper dise. When P. phaseolicola 
was used, this clear zone varied in width from 6 to 7 
mm. PDA was always used as the assay agar in the 
above and following tests, for no inhibition occurred 
when the assay was made on nutrient agar. The only 
explanation offered is that in some manner this medium 
neutralized the antibiotic principle produced by P. 
Hourescens. 

The antibacterial spectrum of P. fluorescens was 
studied in tests with 21 species representative of the 
main genera of the phytopathogenic bacteria. The 
filter-paper-dise method, as described above. was used; 
2 plates, each containing 3 dises, were used for each 
species. Measurements of the inhibition zone, taken 
18 hours after the plate was seeded to any one species, 
did not vary appreciably for any one pathogen. The 
mean measurements of the zones about the discs were 
Yanthomonas hyacinthi (FE. F. Sm.) Dows.. 
10.1 mm; X. incanae (Ken & Bak.) Starr & Weiss, 
95 mm; X. phaseoli (E. F. Sm. Dows., 6.8; X. 
campestris (Pam.) Dows., 6.6 mm; X. fuscans (Burk.) 
Burk... 5 mm: YX. pelargonii (Brown) Starr & Burk.. 
5mm: \. geranii (Burk.) Dows.. 5 mm: Pseudomonas 
phaseolicola ( Burk.) Dows.. 6.5 mm: r. tabact (Wolf 
& Foster) Stevens, 5 mm: P. marginalis (Brown) 


as follows: 


Stevens, 3.5 mm; P. syringae Van Hall, 2.5 mm; P. 
cichorii (Swin.) Stapp. 0.0 mm: Erwinia chrysanthemi 
Burk. et al, 4.0 mm: E. carotovora (Jones) Holland, 
3.5 mm: E. aroideae (Town.) Holland. 2.0 mm; E. 
atroseptica (Van Hall) Jenn., 1.7 mm; Corynebac- 
terium michiganense (E. F. Sm.) Jensen, 8.5 mm; 
C. flaccumfaciens (Hedges) Dows.. 4.3 mm; and C. 
poinsettiae Starr & Pirone, 0.0 mm. C. insidiosum 
(MeC) Jensen and C. sepedonicum (Spieck. & Kotth.) 
Skapt. & Burk. did not grow under these conditions. 

It may be noted that the Xanthomonads were more 
sensitive to P. fluorescens than were the Pseudomonads 
or the Erwinias; the 3 species of Corynebacterium 
varied greatly in sensitivity. 

Development of inoculation methods for in 
vivo tests._The bioassays reported above revealed a 
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Tape l. 
plants by various methods and in different sequences 


First application 


No Davs after 
pots Bacteria Method application 

} S-4 Rubbing ] 

} S-4 Rubbing 2 

} S-4 Rubbing } 

} S-4 Rubbing 6 

} » } Poothpix k 2 

} > } Poothpi k } 

> PP8 Rubbing ] 

} PP8 Rubbing 2 

3 PP8 Rubbing | 

5 PP8 Rubbing 6 

} PP8 Poothpick 2 

} PP8 Poothpick | 

| PP8 Rubbing 

} S-4 Rubbing 

0 none: 4 severe infection resulting in death 


definite antagonistic property of P. fluorescens against 
most of the phytopathogenic bacteria tested on PDA. 
Therefore. the question arose as to whether the 
phenomenon would occur if this saprophyte was 
placed with a pathogenic organism on or in a living 
plant. The bean plant and P. phaseolicola were used 
in tests of this possibility. 

Before such experiments could be made. however. 
it was necessary to find an inoculation method that 
consistently gives good infection. Previous infection 
phaseolicola on the Red Kidney 
bean indicated that this could be done. 

In all tests, 


because they are free of the 


experiments with P. 


California certified seeds were used 
halo blight pathogen. 
Varying numbers of seeds were planted in 6-in. pots 
containing unsterilized soil: and after 10 days, all but 
3 uniform plants were eliminate 1. These beans were 
grown in the greenhouse at about 75—-80°F but the 
temperature rose considerably during hot days of the 
summer. Previous experiments had proved that moist 
inoculation chambers are not necessary for obtaining 
good infection. AIl inoculations were therefore made 
on plants on the benches in the greenhouses. 

Two methods of inoculation were tested. In one. 
the bacteria grown on PDA or nutrient agar were 
placed on the tip ota tooth pie k and inserted between 
the cotyledons into the stem of 12-day-old plants. 
Inoculations of this type resulted in severe infection 
and death of the plant. However, this method is not 
comparable to natural inoculation in the field. so it 
was used only occasionally. In the second method. 
various procedures of applying the bacteria to the 
leaves were used. P. phaseolicola was grown on PDA 
or nutrient (Difeo) agar at 27 C: after 48 hours, the 
bacteria were washed from the plant with sterile dis- 
tilled water and their concentration adjusted to light 
cloudiness. 

{ hand atomizer was used for spraying the sus- 
pension on the leaves of 14-day-old plants during late 
morning when the stomates were open. A small 


amount of 400-mesh Carborundum in the bacterial 


Suspension consistently resulted In severe infection, 


Severity of halo blight when Pseudomonas fluorescens 
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S-4) and P. phaseolicola PP8) were applied to bean 


Second application 
Ist Average * of 
Bacteria Method infection 


PP8 Rubbing 0.5 
PP8 Rubbing 0.8 
PP8 Rubbing 0.5 
PP8 Rubbing 0.0 
PP8 Rubbing 0.75 
PP8 Rubbing 0.0 


S-4 Rubbing 
S-4 Rubbing 
S-4 Rubbing 
S-4 Rubbing 
S-4 
S-4 


NNw NNN 
wt 


Rubbing 0 
Rubbing 75 
75 


greater than was obtained without it. Furthermore, 
infection was more severe from spraying the lower 
surface of the leaves than spraying of the upper sur- 
face, presumably because the lower surface contains 
about 7 times as many stomates as does the upper sur- 
face (4, [. 146). 


surface was rubbed with a cheesecloth pad dipped in 


Infection was severe when either 


containing Carborundum. 
Distilled water. and phosphate buffer (0.01 or 0.1 m at 
pH 7.1) were equally satisfactory, but infection was 


the bacterial suspension 


severest with broth cultures. Infection was excellent 
in all tests with broth cultures plus Carborundum 
applied at 16 lb. pressure to primary and first trifoliate 
leaves. If infection was general on the leaves of plants 
inoculated when 14 days old. it became severe and the 
plants died. Infection often became severe on the 
leaves when plants 23 days old were inoculated, but 
the leaves withered and fell off and the bacteria did 
appeared to 


not move systemically. Such plants 


recover from the disease. 

In summary, infection was severe and consistent 
when leaves were injured slightly during the inocula- 
tion process. either by rubbing or by pressure spray- 
ing. Also, the plants should be about 14 days old. 
It has been noted in the field that the disease spreads 
and is more severe after a driving rain, which might 
cause injury. than after a gentle shower, and that 
early infection may become systemic. 

In subsequent experiments. an infection index was 
used, with 0 indicating no infection, and 4 severe 
infection resulting in death. With any treatment, the 
reaction of the 3 plants in a pot varied only slightly; 


therefore. a single value was assigned to each pot. 


In vivo tests of antagonistic action of P. 
fluorescens on P. phaseolicola.—-In tests of the 
action of the saprophyte upon the pathogen in vivo the 
pro edure was similar to that followed in the infection 
studies. Red Kidney bean plants, 3 per 6-in. pot, were 
used about 2 weeks from planting date or about 1 
week after emergence. Both pathogen and saprophyte 
were grown on PGA for 36-72 hours and then applied 
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TABLE 2.—Severit) f ght when Pseudomonos fluorescens S-4) and P. phaseolicola PP8 


plants by pre 


Vol. 50 


were applied to bean 


yn 2nd application 
No. Days after Ist Average * of infection 
pots Ba application Bacterium by P. phaseolicola 
10 S-4 ] PP8 0.0 
8 S-4 PP 5.25 
10 pp l S-4 1.0 
10 PP ] 2 S-4 1.0 
g sS-4 ] PP8 
2 S-4 0.0 
10 PP 3.7 
*0 none; 4 severe lection resulting in death 
yt 
[wo appilicatior 
separately to the plant by one or more methods pre acted as a preventive of infection. In contrast, appli- 


viously described. When inoculation was by rubbing 
or spraying, P. fluores was applied 1, 2, 4. or 6 
days later, in the same manner. In other experiments, 


phase oli ola l. 


P. fluorescens was applied first and P 


2, 4, or 6 days later. When the toothpick method was 


employed with either bacterium, the second treatment 


was bv rubbing the leaves above the injurv with the 
alternate species 
Two types of checks were used. Sterile broth or 


water was sprayed or rubbed on plants, or the two 


bacteria were applied separately to different plants. 


In certain instances. a mixture of the two bacteria 
was used. 
Tables | and 2? contain the 


| shows plants given different treatments. 


results ot typical exper- 
ments: Fig 
lf P. fluorescens was placed on 


inoculated with the pathogen. the saprophyte definitely 


a plant before it was 


A 





anes x 


cation of the saprophyte after the plant was inoculated 
with the pathogen had no effect on infection. In other 
fluorescens acted not as an eradicant but as 
a protectant, at least for 6 days. When broth cultures 
of P. fluorescens were filtered through a Seitz filter, 


words, Fr’. 


the filtrate had no antibiotic activity, either in vitro 
or im vivo, 

In experiments on the effect on subsequent plants of 
treating bean seed with P. fluorescens, 2 lots of 50 Red 
Kidney seeds that had surface-sterilized 


and thoroughly rinsed were soaked in broth cultures 


bean been 
of the saprophyte for 30 minutes or for 24 hours. 
Checks soaked in the broth After the 
treatments. the seeds were dried and one half of each 
lot planted immediately; the other half was planted 
Two weeks after planting, all plants 
Infection was 


were alone. 


later. 
were inoculated with P. phaseolicola. 


30 davs 


- 
wre 
ve 
i] 

i 


Fig. 1. Control of the halo blight of beans by spray application (16 lb.) of Pseudomonas fluorescens. A) No bacteria 
applied. B) P. fluorescens applied first. and P. phaseolicola one day later. C) P. phaseolicola applied first, and P. 
fluorescens one dav late D) Onlv P. phase la applied. 
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severe in all plants except those grown from seed 
soaked for 24 hours and planted immediately; these 
showed moderate leaf infection. From a _ cultural 
standpoint, soaking the seed would be impractical, 
for the seed coat would be injured. 

Discussion.— The above experiments are interpreted 
as indicating that the strain of P. fluorescens reported 
in this article produces an antibiotic to which P. 
phaseolicola is sensitive both in the laboratory and in 
the growing plant. The 
appears to be transported upward in the bean plant. 


When P. 


bean seedling by the toothpick method. the primary 


antibiotic substance also 


fuorescens was introduced into the young 


and early trifoliate leaves above the insertion were 


protected (completely or nearly so) from infection 


by the pathogen. 
from the protected portion of the plant; hence, the 


The saprophyte was not recovered 
antagonistic principle must have been absorbed and 
transported upward. The duration of the antibiotic 
action in the plant should be determined, as should 
the reactions of plants in the field. 

The possibility that P. fluorescens can be used in 
practical control programs should also be investigated. 
P. fluorescens is a ubiquitous species. It is apparently 
able to survive in competition with other soil. water, 
and sewage organisms. Its physiological requirements 
it does not depend on complex substances 
Also. the production of an antibiotic 


are simple: 
for its existence. 
substance is usually considered an advantage for a 
bacterium in nature. It might be feasible for a grower 
to endeavor to establish P. fluorescens in a bean field. 

It is possible that this phenomonon of antagonism 
between a saprophyte and a pathogen may be found 
elsewhere in nature. This is suggested by observations 


of the 


bacterial diseases. 


author on the occurrence of several 


The barberry leaf spot caused by 


junior 
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Pseudomonas berberidis (Thorn. & And.) Stapp be- 
came very severe on the campus at Cornell for a year 
A similar case observed 
was the white clover disease caused by P. stizolobii 
(Wolf) Stapp. In neither case did the host plant cease 


or two, and then vanished. 


to exist or did conditions appear to change appre- 
ciably, but it is now difficult to find either of the 2 
diseases. One small epiphytotic of the bacterial dis- 
Yanthomonas papavericola 
in a garden in 
Attempts to isolate the pathogen late in the 
a yellow 


ease of poppy caused by 
(Bryan & MeW.) 
Ithaca. 
summer resulted in the isolation of only 


Dows. occurred 


saprophyte; and this saprophyte showed antagonism 
to a previously isolated culture of the pathogen. The 
disease has not appeared since.—-Department of Plant 
Pathology, Cornell University, Ithaca, N. Y. 
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SUMMARY 

\ technique was developed to trace the game- 
tangial hyphae of Phytophthora infestans in such a 
way as to determine with assurance that mating is 
controlled by compatibility factors. The technique 
involved separating colonies of opposite type by 
aluminum foil perforated by holes whose small size. 
distribution. and limited number restricted the num- 
ber and location of hyphae growing out into a con- 
tiguous block of water agar 


Tracings were made of gametangial hyphae lead- 


formation of 184 oospores when 9 isolates 


ing to 


of the A! type were paired with 3 isolates of the 
{> type in all combinations. Results showed that 
each isolate was bisexual and that the so-called 
mating types are actually compatibility types. Rela- 
tive degrees of maleness and femaleness were en- 
countered within each compatibility type. A given 
isolate acted as a male in some paired combinations 
and as a female in others; in still other pairings 
the same isolate produced both male and female 
gametangia. Among the 12 isolates, the relative 
sexual strengths ranged from isolates with strong 
male tendencies to those in which female tendencies 
predominated. 

Preliminary data suggest that the reaction of an 
isolate may change with an alteration of its vigor 
of growth. In pairings of compatible isolates of 
equal sexual strength. hyphae of the A! type that 
had been starved produced only antheridia when 
paired with an unstarved isolate of the A* compati- 
bility type. whereas the unstarved A! type produced 
only oogonia when the A= type was starved. 
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For more tha ent Hlowing the st proot 
that late bli t of tat 1 tomato jused by 


Phytophthora infest Mont 1 By., plant patholo- 


gists have expectant t the sexual stage of the 
fungus. Follow staken reports, Clinton 
(5) showed that f = W ild ‘ isionally pro- 
duce oospores a ir cultures, but only in 
small number | é for the infrequent obset1 
Valtion of oospore was ad ered when it was shown 
(14) that two mati I f exist in P. a festans, sug- 
gesting that the fur eterothallic Although a 
few oospores were ca y found in unpaired 
cultures, oospores were ed in abundance when 
} isolates from Mer paired with anv one of 
a group of 106 isolates of politan origin (includ- 
ing one from Mey | types were distinguished 
according t thei ehavior Gallegly and 
Galindo (8 proved 1 t terothallism exists in the 
species hy traci c f ypl ie ot a tew sexual 
hodies. By <ing tative of the 3° Mexican 
isolates hav ne i 0 ti Type 13M) and a 
representative of t ( opolitan cultures of the 
opposite mati t é a s\ they found t ratio 
of about 1:] i f tw | ivpes among Yo Mexi 
can cultures, The t pe represented by United 
States isolate 6 was ly designated A‘. and 


that represented by the M alti WEE wenn ee 
ignated A 

\ study w ” ; ~~ 
mine whether ther irs were controlled 
p) compatibilit ractol that control 
sexual morpho 


Materials and methods. he twe r tures of 


P. infestans selected for this study are listed in 
Table | hy I I ‘ iracters ind veo 
eraphis ol | [ 1 1 lin i 


Parnce | T) 


number I I 
1 4 | = \ 
72 \ | U.S.A 
2 \ | ( da 


59 é S 
rs \ 4 Viexis 

59 2 Mex 

60 \ Nex 

62 \ ( la 


( illeg , and ( esig \ ind 
A- to refer t tir =} “un n this paper thy 
designations actua patil tv tvpe 

Isolat la} j f : +} : ‘ ; 

solates ibe ‘ wing De ‘ ice 
designation are pat ‘ R ers te ate 
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Fig. 1. Diagram of the materials and method used in 
tracing gametangial hyphae of P. infestans. Blocks of V2 
medium containing mycelium of A! and A types were re 
noved from Petri plates and placed on L-shaped strips of 


iluminum foil bearing lines of tinv holes above and below. 


\ block of water agar was placed between the aluminum 


ips, and the three parts ounted on a microscope. slide, 
were pushed together 
Deal nedium (blended frozen) Lima beans 200 
igar 17 wv: distilled water to make 1LOOO ml) in test 


ubes. until used for pairings 
\ medium composed of 200 ml of cleared and 
neutralized Campbell's V-8 juice. 15 ¢ of agar. and 


water to make 1000 ml was used when the cultures 


ired. The V-8 juice was neutralized and cleared 


> 


by mixing 5 e of CaCO. with each 250 ml of juice. 


and ifter standing for a few minutes. centrifuging 5 


inutes at 3000 rpm. 


letermine the pattern of sexuality, it was con- 
sidered necessary to trace by direct observation the 
intheridial and oogenial hyphae formed in different 
airings. A satisfactory technique was needed to avoid 
the reat abundance of vegetative mycelium that usual- 
ly obscures the situation at the time of copulation. 
gly and Galindo (8) made pairings in water 


igar in an effort to reduce the amount of mycelium. 


Dut the tec hnique proved unsatistactory he« ause ot the 


difficulty in spacing the colonies to permit a clear 


interpretation of the mating phenomenon. Narasimham 
12). working with Phytophthora aracae (Colem.) 
Pethvb. (P. palmivora Butler tried to avoid the 


thundance of mycelium by using a barrier composed 
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of two sheets of mica containing tiny holes. His tech- 
nique was used in several vain attempts to trace the 
hyphae from the sexual structures. A satisfactory 
method was developed by combining the use of water 
agar with a modification of Narasimham’s technique 
(Fig. 1). 

The isolates for pairing were grown on V-8 medium 
in Petri plates. Blocks containing mycelium were re- 
moved from the plates and placed on L-shaped strips 
of aluminum foil previously mounted on a microscope 
slide. A block of sterile water agar was placed be- 
tween the aluminum foil strips through which rows 
of minute holes of needle-point size had been pricked. 
The three parts were then pushed together and the 
observations were made after 2-3 days in a moist 
chamber at 20°C. 

For best results. it was necessary to observe the 
details noted below: 

a) The agar blocks had a thickness no more than 
! mm and contained the fungus taken from vigorous 
colonies growing on the V-8 medium. 

b) Not more than 10 holes were made in the alumi- 
num foil for each 80 mm of the surface in contact 
with the water agar block. 

c) The holes were arranged in two rows: the upper 
row was at about the same level as the upper surface 
of the agar block: the lower row was almost at the 
level of the lower surface of the agar block This 
was done to force the sexual body formation close to 
the lower or the upper surfaces of the water agar 
block. It was possible thus to use the high-power 
objective in making observations, and, after observing 
the upper surface. the block could be turned over to 


permit observation of the lower surface. 





Fig. 2. An oogonium with amphigynous antheridium. 
A) Observation with the 43 objective i) antheridial 
hypha, b+ oogonial hypha at the point where the latter 


has penetrated the antheridium. B) Observation with the 
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d) The Petri-dish moist chambers, as well as the 
microscope slides and the aluminum strips, were al- 
ways autoclaved. 

Before making the tracings. it was first necessary to 
determine which hyphal strand preduced the anther- 
idium and which produced the oogonium. To do this 
with certainty, the 43x objective of the compound 
microscope was always used. Then, with the 10x ob- 
jective, the 2 gametangial hyphae were traced until 
they reached the edge of the block from which they 
originated (Fig. 2). 

Experimental results. 
behavior.—The antheridial and oogonial hyphae were 


Compatibility and sexual 


traced from a total of 184 sexual bodies formed in 27 
different pairings between 9 isolates of the A! mating 
type and 3 isolates of the A? mating type. Each sym- 
bol in Table 2 represents the sexual reactions of 
vametangia of one oospore. 

The data show that all the isolates are bisexual; 
each formed antheridia and oogonia in pairings with 
Of the A! 


type isolates. number 64 acted as a female with 58 


at least one isolate of the opposite type. 


and as a male with 59 and 60; Iz, acted as a female 
with 58. as a male with 59, but formed both antheridia 
and oogonia when paired with 60. Isolates 7z,, 272), 
17, 52z,. 62z,. and 68 all acted as females when paired 
with 58 but produced both antheridia and oogonia in 
pairings with 59 and 60. Isolate 33z, formed anther- 
idia and oogonia with 58 but produced antheridia only 
when paired with 59 and 60. 

Considering the data from the standpoint of the 
\- isolates, 
except 33z,. with which it formed antheridia and 
Number 59 formed both 


58 acted as a male with all A! isolates 


oogonia in equal numbers. 





10% objective: The higher magnification is necessary to 
determine which hypha bears the antheridium and which 
the oogonium; the lower magnification was used to trace 


the gametangial hyphae to their sources, 
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TABLE 2.—Sexual reactions of 3 isolates of the A2 type and 
g isolates of the f fype resulting from intertype 
matings 


Isolates 


of 41 Sexual reactions ® of A= type isolates 
type 38 9 60 
la Se 2 6.8 6 i n i ab ae '@ 
0 OU 
72 000 0 0 0 
0 UO ou & + - U U 
{} (} {) 
272 000 0 0 0 0 } 
0 UV 
IZ 0 0 0 
0 () 
0) 0) 
17 oo UO O DO {) } 0 
en 
JZ2Z 0 0 0 O ) { 4 i $ 0 0 0 OQ 
0 UO O + +~ UY UV 
627 0000 0 0900 0 0 0 
0 0 U0 OU () 0 O DU 
0 
64 0000 
68 00 0 0 0) i () L f) 
®Each symbol represents the sexual reaction of — the 
hyphae leading to 1 sexual body; for the Al-type isolates, 
0 female and male for the A*-type isolates, 0 
male and 4 female 
male and female gametangia with all A! isolates ex- 


cept Iz,. 33z,, and 64, with which it acted only as a 
female. Isolate 60 formed both antheridia and oogonia 
with all A! isolates except 33z,. and 64 with which it 
acted as a female. In a few pairings where it was 
stated that an isolate acted only as a male or a female, 
relatively few male and female hyphae were traced. 
Additional study might show that some of these iso- 
lates may form both kinds of gametangia in these 
pairings. 

Since isolate 58 of the A? type reacted only as a 
male in all the pairings with the A! type isolates, ex 
cept 33z,, it is considered as a strong male. Similarly. 
isolate 33z, of the A! type acted only as a male with 
all isolates of the A? type except 58. Thus, 33z, is 
considered te be a strong male. When the two strong 
male isolates of opposite type were paired (58 
33z,). each formed antheridia and oogonia in equal 
proportion. 

The sexual behavior of isolates 59 and 60 of the A2 
type was very similar. Both isolates always reacted 
as females when paired with the strong male 337,. 
whereas in the other pairings (except with 1z, and 
64, where few gametangial hyphae were traced) the 
two isolates formed both antheridia and oogonia: 
however, both isolates acted as females more often 


than as males in these pairings. Thus, in isolates 59 


and 60 the female character appears to be slightly 
stronger than the male character. 

Isolate 62z, of the A! type reacted only as a female 
with the strong male isolate 58, but when paired with 
59 and 60 it acted more often as a female. Thus, the 
female character of isolate 62z, appears to be slightly 
stronger than that of isolates 59 and 60. 

The other A! isolates reacted as females with isolate 
58 and had tendencies toward maleness when paired 
with isolates 59 and 60. Therefore, they may be 
placed between the strong males 58 and 33z,. and 
isolates 59 and 60 in the following descending order 
based on degree of maleness: 64, 124, 27z,, 52z,. 68, 
7Zz», and 47, 

The isolates studied have been rated on a sexual 
scale according to the strength of their relative male 
and female characters as shown in Fig. 3. 

Influence of starvation on sexual behavior.—Tracings 
from a few sexual bedies that were formed at one of 
the edges of the water agar blocks by isolates of ap- 
proximately equal sexual rating showed that in all 
cases the antheridia were supplied by the isolate that 
traversed the entire length of the water agar block 
whereas the oogonia were supplied by the isolate that 
started its growth at the same edge where the sexual 
bodies were formed. This observation suggested that 
the sex expression of an isolate may be associated 
with its state of vigor at the time of copulation. 

\fter noting the above phenomenon, the isolates 
7z and 59, of about equal sexual strength, were so 
paired that in some pairings isolate 7z. was purposely 
starved, whereas in others 59 was the isolate starved. 
Starvation was induced by allowing one of the isolates 
to grow into an elongated water agar block from a 
V-8 medium. After 2 or 3 days. the second isolate 
was placed at the opposite end, from which the excess 
water agar containing no hyphae had been removed. 
When isolate 7z, was starved, the oogonia in all of 
6 cases were formed by isolate 59 and the antheridia 
by isolate 7z,. Tracings from 4 sexual bodies formed 
from pairings in which isolate 59 was starved, showed 
the reverse reaction, with the oogonia being supplied 
by isolate 7z, and the antheridia by isolate 59. 

Discussion.—Compatibility types.—The bisexual 
condition manifested individually by all of the cultures 
used in this study, and especially by those cultures 
derived from single zoospores, indicates that each 
nucleus of P. infestans has hereditary potentialities for 
the expression of beth sexes. Although Castronovo 
(4) has shown that some zoospores may be binucleate, 
such zoospores occur so infrequently that the chance 
is very small that all the single-zoospore cultures 
studied herein were derived from binucleate zoospores. 

Since sexual reproduction occurs between isolates 
of different mating types and occurs only seldom or 
not at all between isolates of the same type, in spite of 
the fact that each thallus has potentialities to form 
antheridia and oogonia, it is evident that sexual re- 
production is controlled by compatibility factors. Two 
allelic genes appear to be involved. as indicated by 


~~ 
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the 1:1 ratio of the A! and A? mating types found by 
Gallegly and Galindo (8) among 95 Mexican isolates. 
The recognition of compatibility factors controlling 
isolates of P. 
makes it desirabie to replace the ambiguous terms of 
A! and and A= 


compatibility types, which carry a more precise mean- 


the mating behavior of the infestans 


\- mating types with the terms A! 


ing. 

Compatibility types have not been reported in most 
other species of the genus Phytophthora, but mating 
types have been distinguished by several investigators. 
Ashby (1, 2) differences in P. 
Maubl. Gadd (7) in 


found mating-type 


faberi (P. palmivora Butler), 


P. palmivora, Narasimham (12) in P. aracae (P. 
palmivora), Kouyeas (10) in P. parasitica Dast., and 
Kreutzer et al (11) in P. capsici Leonian. 


The mating types in all of these species were in- 
factors, 1.€., 
that 
the mating types in these species of Phytophthora are 
based 


oogonia 


terpreted as being controlled by sexual 


male and female types. However, the concept 


controlled by sexual factors was either on in- 


direct evidence such as size of (10) or on 


tracings of gametangial hyphae from relatively few 
sexual bodies formed in a single paired combination 
(12). 
tions was evaluated in P. infestans by measuring over 


100 oogonia formed in 2 different pairings involving 3 


The oogonial size technique for sex determina- 


No correlation was found between maleness 
Also 


of making broad interpretations based upon the study 


isolates. 


and femaleness and oogonial size. the danger 


of only a few sexual bodies is obvious. In an earlier 
report, the authors (8) made the mistake of conclud- 
ing that one isolate was a male and the other a female 
afte! 
The results here presented, however, require a differ- 
Thus, if it is that the 


amphigynous species of Phytophthora are closely re- 


tracing 4 sexual bodies in one paired culture. 


ent interpretation, assumed 
lated, it is possible that the nature of sexual repre 
duction in some of the other species is similar to that 
in P 

In a number of studies of sexuality in Phytophthora 
(2, 4, 88, 2h, 12), 0 
mating types were associated with different hosts. i.e 
Kouvyeas (10) noted that all isolates of P. parasitica 


infestans. 


was found that different 


sper 1¢ = 


from acted as mating whereas all 


isolates of the 


A! 


tomato one 


type 


same species from eggplant acted as 


332, 
| 


. 
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phenomenon was 
later by Kouyeas 
and discussed as host-sexual specialization. 


This interesting 
pointed out first by Kniep (9) and 
(10). 


A host-compatibility type specialization has not been 


the opposite type. 


infestans, but it is significant that both 
abundantly in 


found in P. 


compatibility have been found 


nature in Mexico, where there are many native species 
United States, where the 


types 


of the Solanaceae. In the 
native species of Solanaceae are few in number, only 
Perhaps 
the A* type is not found in the United States because 
of the absence of a host suitable for indefinite survival. 
If future work shows such host-compatibility type re- 


the A! compatibility type has been found. 


lationships in P. infestans, therein may lie the ex- 
planation of the absence of the A? compatibility type 
in the United States and other countries distantly re- 
moved from the Latin-American countries considered 
to be the native home of the 

It should be that 


specialization does not necessarily mean that a certain 


potato. 


noted host-compatibility type 
host is susceptible to one compatibility type and not 
the other, but that one compatibility type is adequate- 
ly adapted for continued multiplication on certain 
hosts whereas the other type may eventually die out on 
hosts. If this then the 


patibility specialization would 


these proves true, host-com- 


type involve physio- 
logical differences in the ability to survive under given 
conditions. Further work will be required to test the 
validity of a distribution hypothesis based on the con- 
cept of host-compatibility type specialization. 

Relative degree oi maleness and femaleness.-lt has 
been shown that, within each compatibility group, the 
sexual reaction of each isolate is modified by the re- 
actions of other isolates of opposite compatibility type 
isolate functions 


with which it is paired. A_ given 


chiefly or entirely as a male in some matings and as 
In still other matings the same 
both 


sexual differences in P. infestans are not abso- 


a female in others. 


isolate antheridia and oogonia. 
Thus, 
lute but relative 
different 


or female characters. 


may produce 
However, it is possible to distinguish 


degrees of sexuality in regard to the male 
The isolates used in this study 
were rated on the basis of the strength of sex char- 
Although a 
strong female was not found, it was probably because 


studied 


acters as determined by mating results. 


only 12 isolates were However, among the 


622, 


64, 124, 272,, 52z,;, 68, 722, 47 


oe ’ 





Y ‘ 


| 
Relative sexual strengths of 12 
Al and 


A* 
Fig. 3. 


infestans 


isolates of P 


representing A- compatibility types. Iso 


59,60 


lates to the left of center have stronger male 


those to the right 


tendencies; 


have stronger female tendencies. 
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12 isolates, several different degrees of sexual strength 
were distinguished This fact strongly suggests that 
sexual degrees. ranging trom i strong male to a 


strong female, may exist in both compatibility types 
of P. infestans and that sex expression is a quantita- 
tive character controlled by action of multiple genes. 


In pairings between cultures of about the same de- 


gree of maleness and femaleness. the hermaphroditic 
condition of both isolates w is manifested simultane- 
ously. 

The manifestation of the sexes in the strains of 
P. infestans is very similar to the condition found in 
Sapromyces reinschii (Schroet Fritsch. by Bishop 


(3). in Dictyuchus monosporus Leite. by Couch (6). 
and in Achlya ambisexualis Raper by R ipel Cts). 
The only discrepancy would be that none of the strains 
of P. infestans behaved as a pure male or as a pure 
female. 

The recognition of compatibility types and the pres- 
ence of degrees of maleness and femaleness in P. in- 
festans lead to the conclusion, according to the termi 
nology ot Whitehouse 16 ind the patterns of sexu 
y Raper (15). that PAytophthora infes 


tans is physiologi: illy heterothallic and that its pat 


ality noted | 


tern of sexuality resembles a combination of those 
represented by Sordaria anserina (Rabenh.) Wint. 
and Achlva ambisexualis 


Determination of sex Pracings of cametangial hy 


phae from oospores formed at the edges of blocks of 


water agar by compatible isolates of approximately 
equal sexual strength suggested that sex expression 
of an isolate may be associated with its state of vigor 
at the time gametangia are formed, When one of two 


isolates ot opposite comp itibility type ind equal seXU il 


strength was purposely starved the starved isolate 
acted as a pure male When the second isolate was 
starved, the first acted as a pure female In the few 


cases studied, the starved isolate always supplied the 


antheridia whereas the vigorously growin isolate 


penetrated the antheridium and formed the oogonium 
Starvation did not appear to alter compatibility type 
The hyphae of a vigorously growing isolate undoubted 
ly contains a larger quantity of reserve food materials 


and may have a larger number of nuclei than the 


starved isolate \lso. associated with their differences 
in vigor may be differences in quality and quantity of 
the sex hormones produced 

These observations were based on relatively few 
observations from pairings of isolates of about equal 
sexual strength. It is possible that the influence of 


starvation is only. slight. though strong enough = to 


change the expression of sex completely when the 


sexual strengths of the two isolates are about equal. 
It would also be of interest to study the influence of 
starvation on sex expression by each isolate when a 
strong male of type A! is paired with a strong female 
of type A*, and vice versa. Further work is needed 
in this area, not only on the influence of starvation 
but also on the influence of nutritional and environ- 
mental factors on sex expression by an isolate.-—West 
Virginia Agricultural Experiment Station. West Vir- 
ginia Universitv, Morgantown. 
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SUMMARY 

New safflower varieties with resistance to Phytoph- 
thora root ret and desirable agronomic character- 
utilizing in both 
plantings. Resistance was 
the backcross 


were developed by tests 


and field 
transferred 


istics 
vreenhouse 
method 


successfully by 





Commercial production of safflower. Carthamus 
L.. as an oilseed crop is relatively new in 
the United States. About 175.000 acres were planted 
in 1958 in the small-grain areas of the western states. 
In 1950-51. 


surface-irrigated land in the Imperial Valley of Calli- 


tinctortuus 


production on several thousand acres of 


root rot caused by 


by 
Phytophthora drechslert Tucker (3). 


later 


fornia was damaged severely 
Production was 
limited to dry land and sub-irrigated land. 

The principal varieties now grown commercially 


Nebraska 10 and Pacifie ] 


are sus eptible to root rot. 


Resistant varieties such as Nebraska 8 and Western 
Oilseeds 14 differ agronomically from Nebraska 10 
and Pacific 1 in having lower bushel weight. poorer 


yielding ability. less early vigor. less firing resistance. 
later Nebraska 6. moderately 


frown 


and maturity. resistant 


to root rot. has been under limited irrigation. 


Breeding procedure, — The backcross method was 
used to transfer root rot resistance from Western Oil- 
seeds 14 to Nebraska 10. The latter variety 
as the parent. hbackcrosses 
The backcross population was tested for root rot. re- 
and the that 
10 most selfed 
as male parents in the subsequent back- 


Was ts d 


recurrent Six were made 


sistance resistant 


Nebraska 


being used 


plants resembled 


closely were twice besides 


cross. Sufficient pollinations were made in each back- 
that 100 on 
a resistance test prec eding the next backcross. 

The initial cross between Nebraska 10 and Western 
Oilseeds 14 1952. This cross. 
the backerosses and the two selfs following each back- 
and tested for the 
Beltsville. Maryland. 
nies from individual resistant plants after the 
first backeross were planted in the field at Mesa, Ari- 
zona. 


cTOoss so ivailable for 


more plants were 


was made in as well as 


made in 


at 


cross, Was resistance 


greenhouse 


Proge 


where selections were made again for root rot 


resistance and for desirable agronomic characteristics 
Re sistant selec tions from subseque nt bac ke rosses were 
tested \rizona or othe states. 


Plants to be 


in 


Resistance tests. screened for resist 


ance in the greenhouse were grown in steamed soil 


S RESISTANT TO PHYTOPHTHORA ROOT ROT 
Rubis. and D. S. Black 


in 8-in. pots with no more than 3 plants per pot. 
Normal daylength was used for the first 30 days, and 
temperatures were maintained close to 22° maximum 


and 15°C minimum. After the first month both maxi- 


mum and minimum temperatures were raised about 
10° and the dark period was shortened by incandescent 
light from midnight to 3 A.M. 

Inoculum was prepared by culturing a virulent iso- 
late. from infected safflower near Chico, California, on 
lima-bean Petri dishes for 8 30°C. 
rhe ot dish were 3 


seconds with 100 ml of tap water in a Waring Blendor. 


at 
triturated 


agar in days 


entire contents each 
Fifty ml of the suspension was poured on the surface 
of the soil in each pot 6 weeks after planting, and the 
pots were filled with water. 

One-fourth or more of the plants inoculated in each 
test Nebraska 10. These as checks 
root rot development. Healthy plants in the tested 
population were assumed to be resistant when root 
rot had killed all Nebraska 10 plants. 

Safllower resistance in the field at 
Mesa. The 


late used in the greenhouse tests was grown on steril- 


were served on 


lines tested for 


\rizona, were planted in December. iso- 
ized oats in 2-qt. jars. To facilitate pouring, cultures 
About 200 ml of 


of row was applied 3 in. deep 


were mixed with dry, ground oats, 
the mixture per 25 ft. 
with a V-belt planter. Seeds were later planted 1-l% 
Nebraska 10, 6, 
and 8 were planted as checks (Fig. 1). Good soil mois- 
ture week 


were 


in. deep in the same row. varieties 


was maintained by irrigating every other 
the Stand 


made 5 days after each irrigation, until maturity. 


throughout growing season. counts 





Fig. 1. The reaction of three check varieties, N6, N10, 
ind N8 (1, to r.), to Phytophthora root rot in the nursery 
at Mesa, Arizona, 1956. Note the severe killing of N10. 
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Selections homozygous for resistance were 

The line 
that resulted from selfing plants selected after the 
first backcross, 
lines tested in yield and other agronomic characteristics 


Results. 
obtained after each of the six backerosses. 


45720. ranked highest among several 


at four stations in Arizona in 1956-58. This line, 


named Gila, was described (2) and released in Sep- 
tember, 1958, by the Arizona Agricultural Experiment 
Station in cooperation with the U. S. Department of 
Agriculture. Gila appeared similar to Nebraska 10 
in early vigor, height, maturity, and bushel weight, 
and superior in yielding ability. oil content, iodine 


number, hull per cent, and protein content. 


None of the selections made after the first backcross 
appeared superior to Nebraska 10 in agronomic char- 
acters. One line, B7-398 i selection after the sixth 
backcross, appeared nearly identical agronomically 
with Nebraska 10. Observations at Mesa, Arizona, El 
Centro and Fresno, California, Logan. Utah. and 
Scottsbluff, Nebraska, indicated that B7-398-1 has a 
wide range of adaptation similar to that of Nebraska 
10 and that it may also be useful as a dryland variety. 

Following initial seed increases the root rot resist- 
ance of Gila and B7-398-1 was compared with that of 
Nebraska 10 and Western Oilseeds 14. Greenhouse 
tests consisting of 5-10 replications of 5 plants each 
were performed according to the procedure previously 
All plants of Nebraska 10 were killed. All 


plants of the other 3 varieties survived to maturity. 


outlined. 


Results of regional tests (1) conducted in 1958 in 
12 states showed that yields of Gila were higher than 
those of Nebraska 10 in all 11 irrigated tests and in 
11 of 16 dryland tests 
greatest in tests where root rot was known or pre- 


Differences in yield were 
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sumed to be active. B7-398-1 was equal to or signifi- 
cantly better than Nebraska 10 in yield in preliminary 
tests in 1958. 
Discussion. 
resistant to root rot and of desirable agronomic char- 


The development of safilower varieties 


acteristics may now permit production of this crop on 
land where surface-irrigation can be managed care- 
fully. The cooperative use of greenhouse and _ field 
facilities for both breeding and disease testing was 
helpful in developing an improved variety in 6 years, 

The greenhouse method of testing for resistance was 
adapted from results of a previous study (4). Temper- 
atures and day-lengths promoted development of vigor- 
A pplica- 
tion of inoculum in field tests at planting time in 


ous and robust plants suitable for breeding. 


December was satisfactory if normal temperatures pre- 
vailed. In one season the weather was unusually warm 
at this time, with the result that root rot developed in 
the seedling stage and severely reduced stands of all 
lines. 

Data obtained in this and other studies indicated 
resistance to be dominant..-Crops Research Division, 
Agricultural Research Service. U. S. Department of 
Agriculture, and Department of Agronomy. Arizona 
Agricultural Experiment Station, Tucson. 
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SUMMARY 

Marquis wheat infected with race 38 of Puccinia 
graminis var. tritici produces uredia of infection 
type 2 at low temperatures (ca. 70°F) and uredia 
of infection type 3 at high temperatures (ca. 90°F). 
Microscopic examination of infected tissues of in- 
fection types 2 and 3 during rust development re- 
vealed no antagonism between host and parasite 
preceding spore formation by the rust. Abnormal 


Silverman 


host cells, characterized by chloroplasts and swollen 
cell walls that strain with safranin instead of fast 
green, appear at the periphery of the mycelial area 
shortly after spore formation begins; the sequence 
of the symptoms of the aberrant cells appears in 
the order named. A toxin that causes chlorosis in 
test Marquis seedlings is extractable from infected 
Marquis plants grown at a high temperature, but 
not from those grown at a low temperature. Chloro- 
sis will appear in seedlings of Marquis infiltrated 
with the toxin only when these test plants are grown 
at a low temperature, but will not appear on plants 
grown at high temperatures. Little Club wheat. 
which is susceptible to race 38 at all temperatures. 
does not become chlorotic following infiltration 
with the toxin regardless of the temperature pre- 
ceding or following infiltration. Microscopic exami- 
nation of chlorotic areas produced by the toxin 
reveals that the chloroplasts are affected. as evi- 
denced by their affinity for safranin, but the cell 
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walls of the host remain normal. Vacuum infiltra- 
tions with a pectinase solution produce swollen, 
abnormally staining host cell walls, similar to those 
occurring in natural infections. The toxin causing 
chlorosis is a water-soluble heat-stable compound 
that retains its toxicity for at least 4 months at 
10°¢ 





Necrosis of host cells is one of several disease syn- 
dromes assur iated with the resistant reactions of some 
wheat varieties to certain races of the stem rust fun- 
gus (Puccinia graminis Pers. var. tritici Erikss. & E. 
Henn.). One particular resistant reaction—that of 
Marquis wheat, on which stem rust race 38 produces 
the infection type 2 at ca. 70°F was studied to deter- 
mine whether a toxin was responsible for the necrosis 
of host cells that accompanies the resistant reaction 
Marquis wheat and race 38 of the stem rust fungus 
were chosen because the disease lesion that develops 
after inoculation is sensitive to temperature: the periph- 


eral necrotic ring, characteristic of infection type 


2, develops ca. 70°F, and Marquis is resistant (Fig. 
1); the ring does not develop on Marquis ca. 90°F, 
although race 38 produces infection type 3 and the 
wheat is susceptible (Fig. 2). It was thought that 
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more could be learned about necrosis from a reaction 
responsive to environmental changes than from a re- 
action insensitive to such changes 

Many investigators have speculated on the possibility 
of a toxin-induced necrosis of host cells resistant to 
rusts, but few have presented experimental evidence 
t 


tained a toxic extract from resistant Victoria oat plants 


» confirm their hypotheses. Litzenberger (3) ob- 
infected with crown rust; the toxin caused a wilting 
and a depression in developing seedlings of Vicland (a 
derivative of Victoria oats), as evidenced by reduced 
root and top growth. The toxin was obtained from 
resistant hosts but not from susceptible hosts, and 
was specific for Victoria oats and its derivatives. 

Swaebly (8) demonstrated that germinating uredio- 
spores of race 15B of Puccinia graminis var. tritici 
produce a substance that, introduced into Kentana 
wheat seedlings under reduced pressure, causes a ne- 
crotic reaction similar to that occurring with natural 
infection. Natour (5) confirmed and expanded upon 
Swaebly’s observatiens. 


Olien (6), using electrophoretic treatments during 


certain stages of pustule development, recently dem- 


onstrated that the necrotic area resulting from the 





Fig. 1-2. 1) Infection tvpe 2 “iuced at low temperatures (65-75°F) on Marquis wheat infected by race 38 of 
Pu nia gramints var, (rilici Note e relatively small amount of sporulation in the green island, and the necrotic ring 
that encircles the green island 2) Infectior Ivpe 3, produced t high temperatures (85-95°F) on Marquis 
wheat infected by race 38 of P nia graminis va! Note the large amount f both primary ard secondary 


sporulatior The necrotic ring is absent. (20). 
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infection of Khapli emmer with race 56 of wheat stem 
rust could be displaced from the region of mycelial 
invasion toward the anode. He postulated that a nega- 
tively charged toxin produced by the disease complex 
causes the necrotic response of Khapli emmer to in- 
fection by the race of wheat stem rust used. 
Methods and materials. Histological proce- 
dures. The histological techniques employed by 
Swaebly (8) were adopted, with slight modifications. 
for microscopic studies of tissues of infected wheat 
leaves. Small segments of leaf tissue were killed and 
fixed in Belling’s modification of Nawashin’s fluid (2). 
Progressive dehydration was the n-butanol series of 
i 


Sass (7). Serial sections were cut at 15 « and stained 


with a modified Flemming’s triple combination employ 


ing a fast green counterstain (¢ 

Preparation of extracts from rust-infected seedlings. 

The procedure used for the extraction of a toxin 
from rust-infected wheat plants was adapted from a 
method used by Millerd and Scott (4) in work with 
powdery mildew of barley Marquis seedlings were 
inoculated with race 38 of wheat stem rust. These 
plants, afier 24 hours in a moist chamber, were divided 
) 


inte n adjacent greenhouses 


groups and placed 
one at 70°F and the other at 90-95°F. Uninoculated 
plants were included as controls and handled similar- 
ly in all subsequent treatments. When the developing 
uredia had reached the late fleck to early erumpent 
stage (usually averaging 7 days after inoculation at 
the lower temperature and 5 days after inoculation at 
the higher temperature). the leaf tissue containing 
uredia was harvested and immediately frozen at —15°C 
The infected tissue was macerated in a Waring Blendor 
with 0.05M potassium dihydrogen phosphate buffer 
solution (1 g¢ of leaf tissue to 2 ml of buffer). The 
extract from the macerated leaves was then passed 
through 2 layers of filter paper, and the resulting fil- 
trate was heated to boiling to precipitate proteins. 
Half a milliliter of the resulting clear yellow liquid 
was applied in a narrow band across a 6-in. strip of 
Whatman No. 1 paper. These sheets were then chro- 
matographed for 16 hours at room temperature (23 
25°C) with butanol-formic acid-water (600:50:350 ml) 
irrigating solvent.' Ten separate chromatograms were 
thus prepared from each different extract. After de- 
velopment the chromatograms were dried; the area 
between the origin and the solvent front of each 
chromatogram was then cut into 10 equal strips run- 
ning across the 6-in. width of the sheet. The strips 
from the 10 chromatograms were eluted with sufficient 
0.05M phosphate buffer so that the eluate from each 
strip equalled 2 ml. The eluates from corresponding 
strips were combined and then infiltrated under a 
vacuum of 45 mm of mercury into the leaves of 7-day- 
old Marquis seedlings. Penetration into the leaf was 
facilitated by addition of one drop of Tween-20, a 


‘Prepared as follows H00 " oft n-butanol. 50 ml of 


formic acid, and 50 ml of distilled water were refluxed for 


1 hour: an additional 300 ml of distilled water was then 


added, 


wetting agent, to the 20 ml of the eluate and by 3 
successive evacuations. The seedlings. now having a 
partially water-soaked appearance, were placed in a 
moist chamber overnight to retard evaporation, and 
were then placed in the greenhouse or controlled- 
environment rooms till symptoms developed. 

Experimental results. Vicroscopic examination 
of uredia of infection types 2 and 3.—-Marquis seed- 
lings were inoculated with race 38 and grown at a 
high (90-95°F) and a low (65-75°F) temperature. 
Samples of the infected leaves were taken every day 
for 2 weeks following inoculation; specimens were 
prepared for microscopic examination by staining 
them with the modified Flemming’s triple combination. 

For the first 5-7 days the course of disease devel. 
opment in both low- and high-temperature plants 
was similar as regards the reaction of the host cells to 
the presence of the rust. At the higher temperature 
there was more rust mycelium because of greater 
srowth of the rust at the higher temperature. but. as 
far as could be determined by visual methods, this was 
a quantitative rather than a qualitative difference. 
However, on about the sixth to seventh day after 
inoculation some of the cells of the low-temperature 
plants contained abnormal chloroplasts; the chloro- 
plasts, normally stained with fast green, now had an 
affinity for safranin. This was the first qualitative 
difference observed in the pustules that eventually 
developed into uredia of infection type 2. The other 
contents of the cell and the cell wall appeared normal. 
The sections containing the abnormal chloroplasts 
were taken at a period of disease development corre- 
sponding to the mid- to late-fleck stage. 

\bout 3 days after the first abnormal chloroplasts 
were noted, a second qualitative difference was ob- 
served in uredia developing at the low temperature. 
This consisted of a swelling of the host cell walls: 
these thickened cell walls were readily noticeable 
because, in addition to the abnormal thickness of the 
walls, the swollen portions stained with safranin and 
therefore appeared red, in contrast with the green of 
the normal cell walls. A few of these cells contained 
a nermal nucleus, but the great majority contained no 
nucleus at all or a nucleus that was abnormal, having 
lost its usual granular texture; the nucleus commonly 
stained uniformly with safranin. In many cells, the 
red-staining chloroplasts were still visible. but the 
majority lacked even these abnormal chloroplasts. In 
sections taken at a later date, the cells with the 
swollen walls were uniformly devoid of cytoplasmic 
contents. Such abnormal cells were found only at 
the periphery of the rust mycelial area; none were 
found in the center of the infection. This peripheral 
area corresponds to the necrotic ring portion of the 
mature uredium of infection type 2. 

In plants maintained at a high temperature, the 
uredia developed more rapidly and infection type 3 
occurred. In these uredia. two of the symptoms ob- 
served microscopically in the infection type 2--the 
abnormal chloroplasts and the swollen cell walls 
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February. 


never appeared. In fact, abnormal cells were rarely 
observed, and these only in the center of the infection. 
where they apparently were crushed by the packed 
mvcelium of the rust. 


To l¢ 


race Jo 


extracts from Marquis wheat infected with 
Many that a 
toxin 1s responsible for the necrosis associated with 
the 


various 


investigators have theorized 


resistant reactions of certain wheat varieties to 


stem rust races. If a toxin were present it 


might be possible to extract the toxin from the infected 


rhe 


ideal for such an attempt because, merely by growing 


plants Marquis-race 38 combination seemed 


the infected plants at different temperatures, one 
may study the host reaction both with and without 
necrosis Accordingly, phosphate buffer extracts of 
infected and uninfected Marquis wheat. grown at 
high (85-95°F) and lew (65-75°F) temperatures 


were prepared when the rust was in the late-fleck to 
The infiltrated 
into Marquis seedlings had no effect. This crude ex 


early-erumpent stage. raw extract 
tract was boiled. then chromatographed: Marquis seed 
infiltrated the 


strips from 


combined eluates of 
the 


The infiltrated seedlings remained in 


lings were with 


corresponding cut chromatograms. 


a moist chamber 
overnight. and were then placed in a_ greenhouse 
70°F. In about 4 


areas appeared on 


scattered 
infiltrated 
the eluate from strip 1 of the chromatogram prepared 


maintained at days, 


chlorotic plants with 
from infected Marquis plants grown at high tempera- 
tures: no chlorotic symptoms appeared on plants in- 
filtrated the the cther 9 


strips of the chromatogram from infected 


with eluates from any of 
prepared 
Marquis grown at high temperatures. Similarly, none 
of the strips from the chromatograms of the extract 
from low-temperature-infected Marquis wheat caused 
infiltrated into the test The 
eluates from the chromatograms prepared from the 


Marquis 


high and low temperatures and the phosphate buffet 


chlorosis when seedlings. 


controls the non-rusted plants grown at 


solution used for extraction—also failed to induce any 
chlorosis when infiltrated into the test seedlings. Brief- 
ly, then, the toxin was obtained from infected plants 
ind only (ca. 90°F) 


from 


when they were grown at high 


rust-in- 
fected plants grown at 70°F or from non-rusted plants 
70°F or 90°F. 


( hlorotic 


temperatures; no toxin was obtained 


grown at 
The 
peared at the 


induced by the toxin ap- 
the the leaf: 


they had vague. indefinite edges and varied in size and 


patches 
margin or In center of 
shape (Fig. 3). The pale green color that appeared 
on the fourth day persisted till the death of the leaf, 
the fifth 


appear to 


or sometimes changed to a yellow color by 
did 


necrotic until the entire leaf died. 


day or thereafter. These areas not 


hee ome 


(\n attempt made to determine whether the 


toxin is extractable at any period of rust development 


was 


other than the late-fleck to early-erumpent stage. This 
attempt was confined to the early-, mid-, and late-fleck 
difficult to 


infected areas of the leaf prior to the appearance of a 


stages since it is very determine rust- 
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fleck. 


early-erumpent stage 


the late- 


necessity. 


macroscopic and since beyond 


fleck to 


introduce large numbers of urediospores from which 


stages 


would. ot 


extraneous toxic substances can be released should 
the spores germinate (5, 8). It was found that the 
toxic substance could be obtained most consistently 
from 2 of the stages tested, the mid- and late-fleck 
stages. Occasionally, toxic extracts were prepared 


from the early-fleck stage, but not consistently so, nor 
were the symptoms that developed upon infiltration so 
with the extracts 


extensive in area as those obtained 


from the mid- and late-fleck stages. 
Some of the eluate containing the toxin was stored 
for 4 1O°C. ~=When test 


Marquis seedlings, the eluate still caused chlorosis 


months at infiltrated into 
but had lost most of its potency, judging from the 
extent and intensity of chlorosis that developed after 
infiltration. 

The effect of temperature on the development of 
symptoms induced by the toxic extract obtained from 
Varquis infected by race 38.—-Marquis plants infected 
38 develop necrosis if maintained at low 
but 


An experiment was designed to determine 


with race 


temperatures not if maintained at a high tem- 
perature, 
whether the symptoms caused by the toxin in extracts 
from rust-infected Marquis wheat were subject to the 


influences as 


same temperature were the naturally 
infected plants. In addition, it was desired to de- 
termine the effect of the toxin on Little Club seed- 


which are susceptible to race 38 regardless of 


lings. 
the 
Accordingly, 


temperature prevalent during rust development. 


extracts of infected and uninfected Mar- 





Fig. 3. The various types of chlorotic areas formed on 
Marquis seedlings 12 days after infiltration with the toxic 
extract obtained from Marquis wheat infected with race 38 
tritici. The leaf at 
leaf, 


the extreme 
ine luded for 


of Puccinia graminis var. 
left is the 
parison, (4), 


control. i.e.. untreated com- 
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quis grown at high and low temperatures were ob- 
tained and chromatographed as described previously. 
Eluates from strip 1 were infiltrated into Marquis and 
Little Club seedlings: 
at a high (90°F) or a low 

before and after infiltration. 


the test seedlings were grown 
(70°F) temperature both 


Again, only extracts from infected Marquis plants 
grown at high temperatures were toxic to the infil- 
trated test seedlings: chlorosis appeared only on the 
variety Marquis and only on these seedlings at low 
temperatures. No chlorosis appeared in the Little 
Club seedlings regardless of the extract with which 
they were infiltrated or of the temperature during the 
pre- or post-infiltration period ; apparently the toxin 
was specific for the resistant host, Marquis. 

Microscopic examination of chlorotic areas devel- 


oping after treatment with toxic extracts.—Chlorotic 
infiltration with the toxie extract 


infected 


areas, induced by 


obtained from Marquis grown at high 
temperatures, were examined microscopically to de- 
termine the condition of the host cells. The material 
to be examined was prepared in the same manner as 
rust-infected tissues, i.e.. dehydrated in an n-butanol 
series and stained with Flemming’s modified triple 
combination. : 

It will be remembered that cells in the necrotic 
areas of Marquis seedlings infected by race 38 of 


stem rust at relatively low temperatures had two 


characteristic abnormalities: cell-wall thickenings and 
Both abnormalities had marked 
affinity for safranin rather than for the fast green that 


altered chloroplasts. 
stains normal cells. When cells from chlorotic areas 
induced by the toxic extracts were examined the cell 
walls were normal: the walls were not thickened at 
all, and they stained with fast green, the expected re- 
action. However, the chloroplasts in these cells stained 
with safranin, indicating that the chloroplasts were 
abnormal. In other words. the toxin reproduced part 
of the syndrome associated with rust-induced necrotic 
host cells, that of abnormal chloroplasts. 

The effect of pectinase on seedling leaves of Mar- 
quis.—The toxin, which is extractable from infected 
Marquis plants grown at high temperatures, repro- 
duces one part of the syndrome that is found in natu- 


rally infected plants—abnormal chloroplasts. What is 
the substance responsible for the other part of the syn- 
drome that is characteristic of necrotic cells. the 


swollen, abnormally stained cell walls of the host? 
The findings of Allen (1) 
suggested the theory that the rust hyphae produce a 
pectinase that attacks the middle lamellae of host cells 
and thereby walls. An 
experiment was devised to test some aspects of the 


and Van Sumere et al (9) 


causes swelling of the cell 


theory. 

A 1% solution of pectinase was prepared.- The 
solution was divided in half and one part boiled to 
destroy its activity. The boiled pectinase solution, 


the unboiled pectinase solution, and a distilled-water 


"The pectinase was obtained from Nutritional Biochemi 
oO 
8 


cals Corporation, Cleveland 28, Ohio 
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control were then infiltrated under vacuum into the 
leaves of test Marquis seedlings; to facilitate penetra- 
tion of the leaf, one drop of Tween-20 was added to 
each 20 ml of solution. After infiltration the plants 
were placed in a moist chamber. The vacuum infiltra. 
tion was repeated each day for 3 days in succession, 
always with fresh solutions. Twenty-four hours after 
the last treatment, samples of the test seedling leaves 
were killed and fixed, sectioned, and stained in the 
manner used for rust-infected tisue. 

Microscopic examination of the stained material re- 
vealed that leaves infiltrated with water or with the 
boiled pectinase solution were entirely normal, both in 
the thickness of host cell walls and in the staining re- 
actions of the walls. However, the leaves infiltrated 
with the unboiled pectinase solution had many cells 
with walls that were swollen and stained abnormally 
with safranin. In this they greatly resembled the cell 
walls in stem rust lesions of infection type 2. In addi- 
tion, the chloroplasts and nuclei of affected cells had 
undergone deterioration and also stained abnormally 
with safranin. 

Discussion..-The experimental evidence demon- 
strated that a toxic substance, causing chlorosis when 
infiltrated into Marquis seedlings. was present in the 
extract from Marquis wheat infected by race 38 and 
grown at high temperatures: no such toxin was present 
in the extract from infected plants grown at low tem- 
peratures or in the extracts from non-rusted control 
plants. To account for the results, it is theorized that 
the rust fungus or the parasitized host, or both, secrete 
a toxin whether grown at high or low temperatures. 
If this theory is correct, the sensitivity of host cells to 
the toxin must vary with temperature: at high temper- 
atures the host cells, by some unknown mechanism, are 
not affected by the toxin, and consequently remain 
alive; at low temperatures these same host cells suc- 
cumb to the toxin and eventually become necrotic. 
How is it. then, that no toxin was extractable from the 
This is ex- 
plicable if the host cells were to react with the toxin 


infected low-temperature Marquis plants? 


as soon as it was formed; the host cells would become 
necrotic, but then no toxin would be available for 
extraction. But if the host cells should not react with 
the toxin, as perhaps they do not at the high temper- 
ature, then the host cells would remain alive, and the 
toxin, not now tied up by the host cells. would conse- 
quently be available for extraction. Such a hypothesis 
integrates the available experimental evidence. 

If this hypothesis is correct. then one may predict, 
that Marquis 
plants grown at a low temperature should react to 
the extract from infected high-temperature Marquis 


as a direct corollary of the hypothesis. 


plants while similar test plants grown at a high temper- 
And such 


Marquis plants grown at low temper- 


ature should not react to the same extract. 
was the case. 
atures and infiltrated with the extract from infected 
Marquis plants grown at high temperatures developed 
chlorotic areas. Similar plants grown at a high tem- 
perature developed no symptoms when infiltrated with 
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the same extract from the infected high temperature 
plants. When infiltrated with the extract from infected 
Marquis neither the high- 


low-temperature plants. 


temperature nor the low-temperature test seedlings 
developed any chlorotic symptoms at all. 

The toxin appeared to be specific in its action. It 
did not affect Little Club wheat, which is susceptible 
it did cause chlorosis in Marquis wheat, 


Moreover. it 


to race 38; 
which is normally resistant to race 38. 
caused chlorosis in Marquis wheat only at low temper- 
atures: this is significant because the necrotic ring that 
develops in rust-infected Marquis wheat appears only 
when the plants are grown at a low temperature 


Equalls 


filtrated Marquis plants grown at high temperatures: 


significant was the lack of chlorosis in in- 
this is considered to be similar, if not equivalent, to 
the absence of the necrotic ring in rust-infeected plants 
grown at high temperatures. In other words, the toxin 
that can be extracted from infected plants caused the 
duplication, in large measure, of some of the external 

Marquis infected 
Because of the marked re- 


symptoms that develop on wheat 
with race 38 of stem rust. 
semblance of symptoms induced by the toxin te symp- 
toms found in natural infections, and because the 
symptoms induced by the toxin are subject to the same 
environmental conditions that influence natural infee- 
tions, it is suggested that a toxin is indeed involved in 
the syndrome, resulting in the necroti: 


reaction of Marquis wheat to race 38. 


portion of the 


Microscopic examination of fixed and stained mater- 
ial from rust-infected leaves demonstrated at least two 
characteristics of resistant host cells: 1) an abnormal 
affinity of the chloroplasts of affected cells for safranin. 
and 2) a swelling of the host cell walls and an ab- 
normal affinity of the swollen walls for safranin. If 
the necrotic part of the disease syndrome were due to 
a toxin. and if this toxin were extractable, then changes 
similar to those occurring in natural infections should 
result when the extract is infiltrated into the leaves 
of the host. 
and infiltrated into the host, only one of the effects was 
produced. that of the abnormal chloroplasts; the host 
unaffected. then. the 
changes occurring in naturally infected cells are caused 


Yet. when such an extract was prepared 


cell walls were Obviously. 
not by one substance but by at least two substances, 
one that affects the chloroplasts and is extractable by 
the methods employed, and one that affects the cell 
wall of the host and, if extractable, is destroyed or in- 
activated during the process. 

What is the substance that accounts for the abnormal 
Allen (1) 
who made histochemical studies of wart-like thicken 
ings of cell walls of Malakoff wheat attacked by race 
1] of Puccinia triticina. She considered the thicken- 
ings to be swellings of the middle 


cell walls of the host? A hint was given by 


lamellae, and 
Further 
into the nature of the problem was given by Van 


therefore largely pectic in nature. insight 


Sumere et al (9), who demonstrated that pectinase 
is an adaptive enzyme produced by germinating uredio- 


spores of Puccinia graminis var. tritici. The above 
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papers suggested the possibility that an enzyme, pec- 
tinase, might be produced by rust hyphae in the host; 
then attack the middle lamellae 
of host cell walls and thus account for the swollen, 


the pectinase may 


abnormally staining cell walls observed in sections 


of rust-infected host tissue. It was with this idea in 
mind that an attempt was made to determine whether 
pectinase can produce the part of the syndrome that 
is lacking in leaves infiltrated with the toxic extract. 
It was found that a pectinase solution could indeed 
produce a swelling of host cell walls, and that these 
safranin. 


Apparently, then, pectinase can duplicate part of the 


swollen walls had an abnormal affinity for 


effects found in naturally infected cells. Then, is pec- 
tinase the substance that 
normally 


accounts for swollen, ab- 
stained walls in resistant infections? The 
evidence is not direct, but circumstantial; however, 
what evidence is available strongly indicates that pec- 
tinase, which is probably produced by the rust though 
possibly also by the host, is the agent that causes the 
swelling and the abnormal staining of the cell walls 
of the host. 

The toxin that causes the development of chlorotic 
areas on leaves infiltrated with the processed extract 
may be characterized as a water-soluble heat-stable 
compound capable of being stored at low temperatures 
for an extended period. Because the toxin can be ex- 
tracted from infected host tissue by an aqueous phos- 
phate buffer 


water-soluble. 


solution, it is evident that the toxin is 
That it is heat-stable is proved by the 
fact that it still retained its potency after boiling, one 
of the steps used in processing the raw extract. And 
since the extract retained some of its ability to induce 
10°C, the 
toxin is evidently resistant to decomposition with time, 


chlorosis in test plants after 4 months at 


Further 
insight into the nature of the toxin is deduced from its 


at least at this relatively low temperature. 


behavior during chromatography; it moves only a very 
short distance from the origin in the butanol used as 
the irrigating solvent; this would signify that the toxin 
has a greater affinity for the water-saturated cellulose 
support than for the organic phase that moves past it. 

Department of Plant Pathology and Botany, Insti- 
tute of Agriculture, University of Minnesota, St. Paul. 
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\ frozen-lima-bean igar medium has proved 
better than media presently used for producing 
inoculum for infecting soybean plants with Phytoph 
thora sojae. Cultures stored on this medium 4 
months at 8°C were viable. A half-spear needle 
inoculation method was rapid and produced such a 
consistent syndrome that it could be used to classify 


individual plants. 





Pathologists have tried various methods of inoculat- 
with Phytoph 
thora sojde Kaufman & Ge rdemann vrown on several 


ing soybeans, Glycine max (L.) Merr.. 
media (1, 2. 3. 4). Even using the inoculation methods 
these authors found best for producing better differ- 
entiation, determining with certainty the resistance 
or susceptibility of individual plants proved difficult 
under greenhouse conditions in Missouri. Suscept 
ible lines showed a wide variation in percentage of 
infections in different experiments. Lines that were 
genetically heterogeneous for resistance to P. sojae 
could not be distinguished from lines uniformly. re- 
sistant to the fungus. It was necessary to transfer P. 
sojae cultures often on the standard Difco corn meal 
agar culture medium. On potato-dextrose agar medi 


um. growth is very slow 


On a frozen-lima-bean agar medium described by 
Smoot et al. 15—-25°, blended frozen lima beans, 1.5 
2.0% agar. P. sojae made a rapid growth in Petri 
dishes and in culture tubes (5 One 10-07. (284-2) 


1 


package of frozen lima beans was macerated in 1500 
ml distilled water in a Waring Blendor. and 30 @ of 


agar added. This made a medium of 18 frozen lima 


2% medium was autoclaved 30 
flasks without filtering 
Accord vo to \I E. 


sonal communication), the agar should be kept out of 


bean to agal The 
minutes, tubed or poured into 
and re-autoclaved Gallegly (per- 
medium vellow and 


orowth ot Ph ytophthora. 


the light since light turns the 
makes it unsuitable for the 
All cultures were grown in total darkness in ineuba- 
tors and were further protected from light by wrap- 


ping the tubes or plates in aluminum foil with care 


to allow for aeration. After incubation for 10 days at 
20°C, the plates were covered and either used immedi- 


ately or stored at 8°. 


Tubed cultures stored at 8°C were viable after 4 
months. A Petri-dish culture was used in inoculating 
the hypocotyl or epicotyl of 10-day-old soybean seed- 
lings grown in the 28°C greenhouse. Inoculations were 
made by picking up small tufts of mycelium on the 
blunt or back side of a half-spear-point needle from 
the Petri-dish culture with one light stroke across the 
surface of the culture. This mycelium was inserted 
directly into the epicotyl or hypocoty! without previous 
wounding by letting the mycelium be carried into the 
longitudinal wound by the blunt edge of the half-spear 
point needle. This method is fairly rapid. 


An Ontario isolate of P. sojae from Dr. A. A. Hilde- 
brand was used in all cases. The results of such inocu- 
lations were obtained after 3-4 days incubation at 
28°C. Many readings were made only 48 hours after 
inoculation. No color change was evident in the re- 
sistant varieties or lines. These plants remained un- 
changed by the inoculations. Of the strains tested, 
Ralsoy. Arksoy, Mukden, and Illini varieties and lines 
carrying the Mukden-type resistance were the only 
ones in the resistant class. The fungus made rapid 
progress in tissues of susceptible lines. The wounds 
became dark and water-soaked, and lodging took place 
at the wound. Wilting and death followed in plant 
parts above the wound, The varieties Clark and Lee 
were highly susceptible. Certain varieties previously 
reported to be resistant were only somewhat slower in 
showing these symptoms. This group ineluded Dor- 
man, CNS, PL. 215693 (PLL. is Plant Introduction), 
54-2437, and S5-7116 (white-flowered). The CX224- 
6-5 and the purple-flowered counterpart of S5-7116 
were highly susceptible. Check plants wounded with- 
out insertion of P. soyde, recovered and developed 
normally. 


Breeding materials tested by this method were 


classified as either resistant or susceptible. usually 
with none of the susceptible population escaping infec- 
tion. However, all seemingly resistant plants were 
inoculated twice to eliminate escapes. 
Field Crops. 


tion. Columbia. 
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SUMMARY 


The soil-borne pathogen Fusarium solani f. 
phaseoli attacks its host in a sequence of steps 
when conidia are placed in nutrient drops on ex- 
cised bean stems in Petri-dish moist chambers 
These steps include the germination of spores. 
mycelial growth, penetration of host tissues, and 
Each step is influenced by the nutri- 


ent environment of the drop and by materials diffus- 


pathogenesis. 


ing from host cells. Glucose nutrition favors germi- 
nation of conidia and saprophytic development of 
mycelium on the host. Glucose delays penetration 
and pathogenesis. Yet, formation of a thallus by 
saprophytic growth on the host appears to be a 
necessary prelude to parasitism, irrespective of the 
nutrients used. Nitrogen favors early penetration 
of the host, subsequent parasitic development of 
internal mycelium, and pathogenesis. organic sources 
of nitrogen being more effective than inorgani 
sources, The eventual difference between nitrogen 
nutrition and glucose nutrition lies in the rapidity 
with which the pathogenic relationship is estab- 
lished: increased by nitrogen and lessened by glu- 
cose. Greenhouse tests with beans grown in nutri- 
ent culture confirmed the effects on disease develop 
ment of nitrogen and carbohydrate nutrition of the 
fungus. 





Nutrition studies have been performed on a number 
of pathogenic fungi grown in the laboratory under 
pure culture conditions. Such studies have shown 


that a change in substrate may result in a change in 


both the physiology and morphology of the organism 
An aspect of fungus physiology of primary interes 
to plant pathologists is pathogenicity. yet remarkably 
little work has aimed at conclusive demonstration of 
the effects of nutrition on this kind of fungus behavior. 
Studies of particular events in a disease syndrome 


usually give little attention to nutrition of the organ 
ism. Papers dealing with the effect of nutrition on 
disease development generally focus attention on symp 


tom expression I 


pathogen. Yet if nutrition significantly influences the 


physiology of pathogens under laboratory conditions, 


the host plant while neglecting the 


it must govern fungus behavior in nature equally, 
whether the fungus be in a state of saprophytism or 
of parasitism. 

This paper considers the effect of nutrition on the 
pathogenic behavior of a soil-borne fungus. The tech- 
nique used enables the course of pathogenesis to be 
visually followed from spore germination to host 
necrosis. These studies are an extension of pure-cul- 
ture studies done by one of the authors (Toussoun) 
on the carbon and nitrogen nutrition of several species 
and formae of the genus Fusarium. 

The organism used in the present work was a corti- 
cal root-and-stem-rotting soil-borne fungus, Fusarium 
solani (Mart.) Appel & Wr. f. phaseoli ( Burk.) Snyd. 
& Hans.. pathogenic to bean. Phaseolus vulgaris L. 

Materials and methods. 
made on Pinto bean seedlings grown in the greenhouse, 


Laboratory studies were 


harvested when 6-in. tall, washed, surface-sterilized by 
a brief rinse in a 5‘, solution of sodium hypochlorite, 
washed again. trimmed to 3-in. sections of stem. and 
allowed to air-dry. The stem sections, in groups of 
four, were then placed on glass-cloth disks lying on 
moistened Perlite (exploded silica) in Petri-dish moist 
chambers. 

Stock solutions of the chemicals used were auto- 
claved. The pH of these solutions was not adjusted 
unless otherwise noted, and the concentrations were 
made up on a weight-to-volume basis 

Inoculum consisted of macroconidia produced on 
potato-dextrose-agal (PDA) slant cultures. The coni 
dia were added to the various solutions to a final 
concentration of about 30 spores per drop unless other- 
wise noted. The drops. about 0.005 ml in size, were 
placed on the bean stem with a capillary pipette. 

A virulent clone of F. 


throughout unless otherwise noted. Fight to 16 repli 


solani {. phaseoli was used 


cates were used in each experiment. and all experi- 

ments were duplicated and terminated after 4 days. 
Greenhouse studies were made with healthy seed- 

lings of the Small White variety of bean, 


aseptically on agar in Petri dishes following treatment 


sprouted 


in aw 


¢ 


solution of sodium hypochlorite, to ensure 
freedom from seed-borne organisms, and transplanted 
to pots of sand or of Perlite at the rate of 3 seedlings 
per pot. Six replicate pots were used per treatment. 
The sand or Perlite was inoculated with the desired 


spore suspension | ibout 5 10% spores per ce of sand 
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Fig. 1. Effect of nits es on lesion development 
Piste glucose, peptone ucost ‘ll compounds 
or Perlite) before transplanting Phe spores were 
obtained from cultures grown on PDA slants. Water 
and nutrient solutions were added by subirrigation. 
Plants were harvested and indexed after 2 weeks 

Laboratory studies. Solutions of peptone ( Difco) 


glucose, casein hydrolysate (Nutritional Biochemi- 
cals Corp.) glucose ind KNO glucose were 
prepared at 2°), 1 ind 0 concentration levels 
and their effects compared. Lesions were largest and 
developed earliest at the highest concentration § of 
nutrients used. Lesions appeared earlier and devel- 
oped best on the peptone glucose solutions within 
each series of nutrient concentrations Lesion devel- 
opment was poorest with the KNO. glucose solu- 
tions. This experiment was duplicated, with similar 
results, on stems excised from seedlings grown in the 
dark (Fig. 1) Microscopie observation of epidermal 
strips showed that the development of the fungus 
within the host was correlated with lesion size 
Casein hydrolysate clucose, and KNO olucose. 
were contrasted again at t UO. concentration level, 
using both virulent and weakly pathogenic clones of 
the fungus. Lesion development was best with both 
clones in the casein hvdrolysate glucose solution 


pe de 


in triplicate), the 
it 2% concentration except I 


KNO,: 


Fig. 2. Left to rigl 
ment. All cued 


solution of after 


ae the 


same nitrogen content 


glucose, casein hy- 


Left to right 
t 0.5% 


(in duplicate): KNO 


concentration; after 3 days. 


egardless of the nutrients used, lesion de- 


with the weakly 


However, I 


velopment was poorest pathogenic 
clone, 

casein hydrolysate and proved more 
than the 
of amino acids were compared with KNO.. and with 
(NH,).50,, at a concentration of 0.557. Each solu- 


tion 


Since peptone 


effective inorganic nitrogen source, a number 


contained 0.5°° glucose. Several experiments 


were carried out with the virulent clone. Glycine, 


as well as the amides aspara- 
glutamine, were among the best 
tested. KNO, and (NH,).SO, 


poorer lesion development, as did 


L-proline, and L-arginine, 


gine and nitrogen 


sources supported 


such amino acids 


as DL-isoleucine. pL-norleucine, and L-methionine. Re- 


sults were similar with the weakly pathogenic clone, 


but the lesions were not as well developed, the differ- 
ence between these 2 clones being quantitative and not 
qualitative. 

Further glycine 


carried out with 


with the 


experiments were 
clone. 

and 0.5% 
glucose + 0.5° glycine were compared with distilled 


as the nitrogen source and virulent 


Solutions of 0.5°7 glucose, 0.5 glycine. 


water. The spores germinated most rapidly in the 


solutions containing glucose. Lesions were most abun- 


’ 
| 
i 


efiect of distilled water, 
-arginine, the 
+ days. 


and KNOs on disease de -velop- 
adjus ted to yie ld the 


glucose, L-arginine, 


Lapettinsiote of which was 
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dant in the glucose + glycine series and least abun- 
dant in the glucose and distilled-water solutions. Re- 
sults were similar when the concentrations of the 
nutrients were increased to 1°;, but the solutions con- 
taining glycine, when tested in the absence of the 
pathogen, proved to be toxic to some of the host cells. 

To obviate the problem of inherent host toxicity in 
such nutrients, solutions of glucose, KNOs, and L- 
arginine were prepared and their pH adjusted to 6.5 
The solutions were 
No toxicity to 


the host cells was shown by these solutions at the 2% 


with NaOH prior to autoclaving. 
tested in the absence of the pathogen. 


concentration used in the following experiment. The 
concentration of L-arginine was adjusted so as to con- 
tain the same amount of nitrogen as the 2[% solution 
of KNOs. 
increased to about 100 in order to assure results as 
between Distilled 
Within 24 hours a fungal 
thallus had developed in all the solutions, but spore 


The number of spores per droplet was 


uniform as possible replicates. 


water was used asa check. 


germination was most rapid in the glucose solutions. 
Scattered minute lesions, in varying numbers, were 
present regardless of the nutrients present and even 
in the distilled water replicates. Microscopic exami- 
nation of stained epidermal strips showed them to 
consist of dead guard cells around some _ stomates, 
broken hair cells, and dead epidermal cells surround- 
ing breaks in the cuticle. The number of these cutic- 
ular rifts varied from stem to stem. No fungus hy- 
phae were seen in these areas. Twenty-four hours 
later. in the case of the L-arginine and KNOsz solutions, 
fungus development was observed within the necrotic 
tissue surrounding damaged areas of the cuticle and 
the lesions had enlarged. After 4 days. lesion devel- 
opment was best in the L-arginine solutions followed 
by the KNO, solutions. 
solutions (Fig. 2). 


If the spore concentration is too high, the reserve 


Fig. 3. 


It was poorest in the glucose 


PATHOGENESIS OF FUSARIUM SOLANI F, PHASEOLI 139 


food materials carried within the spores of the patho- 
gen offset the effect of the nutrients added to the 
drop. As the concentration of spores is increased, 
there is a corresponding decrease in the time of symp- 
tom appearance, and an increase in the size of the 
lesion formed. The results of such an experiment 
show that there is a direct relationship between inocu- 
lum load and disease development (Fig. 3). 
Greenhouse studies. 
the nutrition of the fungus plays an important role in 
the disease syndrome was obtained from experiments 


Corroborative evidence that 


on bean seedlings grown in the greenhouse. 

Three pathogenic clones of F. solani f. phaseoli were 
used, together with a saprophytic clone of F. solani 
In the first 
experiment, with bean seedlings grown in sand culture, 


isolated from a source other than bean. 


nutrients were applied by subirrigation 3 days after 
the start of the experiment. The nutrients used were 
glucose, KNOs, and casein hydrolysate at a concentra- 
tion of 0.02% in 200-ml aliquots per 9 plants, and 
they were applied on alternate days. Tap water was 
The plants 
At this time, hypocotyl 


used on the intervening days as needed. 
were harvested 2 weeks later. 
infection was most severe on plants given KNOs, and 
casein hydrolysate; it was least severe in the sugar 
treatments and in the checks (tap water only). The 
plants were greenest and strongest in the KNOs treat- 
ments; they were yellowish and of poor growth in the 
sugar treatments. Plants inoculated with the sapro- 
phytic clone were free of the disease and were gen- 
erally sturdier, within the treatments, than plants 
inoculated with the pathogenic clones. 

\ similar experiment was carried out with Perlite 
instead of sand. The same nutrients were used, with 
the addition of an (NH,).SO, treatment, and the con- 
centrations were increased to 0.030%. All other con- 
ditions were the same as in the preceding experiment, 
Five clones of F. solani f. phaseoli and the saprophytic 


|| i 


es 


- 


The effect of spore concentration in distilled water on disease development. Left to right (in duplicate): 


14. 140, 1400, and 14,000 spores per drop (approximate numbers); after 4 davs 
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F. solani used. 
the checks and those watered with KNO.: the poorest 


All plants grown 


were The most robust plants were 


were those grown in sugar solutions. 
in the (NH,).SO, solutions were dead or dying except 
This killing 


appeared to be due to a combination of factors and 


those inoculated with the saprophyte. 


not to the action of the pathogen alone. From the 
point of view of lesion development, the disease was 
most severe in the replicates receiving casein hydroly- 
KNO, 


pathogenic clones. 


sate and solutions and inoculated with the 


Infection was less severe in the 


the checks. 


The cumulative evidence of both these experiments 


sugar treatments than in 
shows that the disease was most severe in the nitrogen 
treatments and least severe in the sugar treatments. 
Discussion. 
show that the pathogenic behavior of Fusarium solani f. 


The experiments cited in this paper 


phaseoli is dependent upon the nutrients available to 
it. Each step is affected 
penetration and 


from spore germination to 


pathogenesis The relationship be- 
tween the nutrients, the pathogen, and the host is not 


a simple one, however 


In the laboratory studies, scattered minute lesions 
composed of a broken hair cell, a stomate, or a few 
dead epidermal cells) surrounding a break in the 


cuticle, were generally present prior to invasion, These 
lesions were formed during the period of saprophytic 
growth of the fungus, regardless of the nutrients pres- 
ent and even in distilled water. They appeared to be 


static at this time but enlarged with the advance of 


the pathogen in the host. following penetration. Simi- 
lar minute lesions have also been produced by some, 
but not by all, of the amino acids found to support 
when these 


best pathogenic development. especially 


compounds were used at concentrations higher than 
0.5%. 


host cells in such areas. 


It is postulated from this evidence that the 
being unprotected, are more 
susceptible to the toxicity of some of the nutrients as 
well as to toxic materials elaborated by the fungus 


These dead cells, 


in their turn, appear to favorably affect the growth and 


during its saprophytic development. 


development of the fungus in the droplet presumably 
from them, for 
taking 


These observations do not estab- 


hecause of materials diffusing out 


pathogenic development was observed place 


within such lesions. 
lish, however, the dependence of the fungus on in- 


would that 


jured tissue for penetration. It 


appear 
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entry is facilitated and these lesions may thus have 
interfered with the results obtained with the glucose 
solutions since they counteracted in part the effect of 
this nutrient by hastening the advent of pathogenesis. 
This effect is strongest at the lowest glucose concen- 
trations used and is presumed to be the cause of a 
certain amount of variation between the replicates of 
such treatments. Increasing the concentration of glu- 
cose depressed the effect of these host cell diffusates, 
but the danger from the inherent toxicity of the nitro- 
gen sources at comparable concentrations was height- 
ened. The spores themselves are a further possible 
source of nutrient contamination of the droplet. As 
the number of spores in the droplet is increased, the 
differential effect of the various nutrients decreases, 
and it is therefore necessary to adjust the number of 
spores to minimize this effect. Too few spores, on the 
other hand, leads to variation in spore numbers be- 
tween replicates, which can also affect the uniformity 
of the results. 

Within is clear that 
the pathogenic development of the fungus is enhanced 


these limitations. however. it 
by nitrogen, particularly certain organic sources of 
nitrogen. Glucose, on the other hand, delays patho- 
genesis, thereby extending the period of saprophytic 
growth. It is apparent, therefore, that growth of the 
pathogen is not a simple criterion in disease develop- 
ment, since this growth must be such as to permit the 
fungus to exercise its inherent pathogenic potentiali- 
ties. Nutrition of the organism, at least in part, is 
a governing influence in this role. 

It is customary to think of such physical factors 
as temperature and humidity as the important features 


Nu- 


trients, however, are also a part of this environment. 


of environment on plant disease development. 


and may be fully as significant. 
Where the 


often the case in nature. the kind of nutrients avail- 


soil-borne inoculum load is low. as is 
able to the fungus as well as the quantity and avail- 
ability of these nutrients may be as limiting to the 
onset of pathogenesis as temperature, moisture, and 
host susceptibility. The practice of using excessively 
large amounts of inoculum in testing pathogens in soil 
inadvertently serves to supply by means of the inocu- 
lum itself the kinds and amounts of nutrients needed 
by the organism for its pathogenic behavior.— Depart- 
ment of Plant 


Berkeley. 


Pathology. University of California. 
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Paper chromatographic analyses of free amino 
acids and amides disclosed the presence of y-amino- 
butyric acid, alanine, glutamic acid, aspartic acid, 
and glutamine in all samples of leaves from both 
healthy and virus-infected stone fruit trees. Valine. 
serine. threonine. leucines, S-alanine. and aspsra- 
vine were present at all times in peach leaves but 
cherry mainly in the 
spring and late fall, with occasional small amounts 
late 


season 


were found in sweet leaves 
Phenylalanine was absent in 
Glycine could not be detected in early 
Prunus mahaleb 


sisted throughout the season. 


in mid-season. 
fall. 
except in leaves. where it per- 

Arginine, histidine, lysine, tryptophan, tyrosine. 
vaminoadipic acid (in peach leaves only) and as 
as 9 unidentified 
Prunus 
found in early-season samples only. 


ninhydrin-reacting 
mahaleb 


many com- 


pounds (none in leaves) were 
Proline. the 
diminished during 
midseason in healthy peach leaves, was present dur- 
ing the entire season in Western-\-diseased leaves. 
Pipecolic acid, present in healthy 
leaves (except in sweet cherry and peach leaves in 
early spring) was found throuvhout the season in 


j 
‘ 

leaves infected with Western X-disease. Baikiaine 
could sometimes be 


concentration of which greatly 


which was not 


detected in ringspot-infected 
Prunus mahaleb leaves. Mottle leaf and rasp leaf 
did not appreciably affect the free amino acid or 
amide composition of the infected leaves. 





Since the advent of chromatographic methods, free 
amino acids and amides have been investigated in a 
variety of plant tissues (21, 22, 24). The effect of 
virus infection on the free amino acid and amide con 
tent has been studied with several virus diseases, such 
(10). 


of Hibiscus (11). and tobacco mosaic (6). 


as potato leaf roll (1). curly top yellow vein 


mosak 
However, information on the free amino acid content 
(13) dealt 


of fruit tree tissues is meager. One report 


with the free amino acids of several fruits, and one 
(17) with those in the sap of sweet cherry trees 
Whether virus infection alters the free amino acid 


composition of infected fruit tree tissues is largely 


unknown, except for the accumulation of pipecolic 


acid occurring in Western-X-diseased peach leaves (7) 
In conjunction with work on virus diseases of decidu- 
ous fruit trees it was decided to study the free amino 


acid and amide composition of healthy cherry and 


peach leaves and to compare it with that of virus 
diseased leaves. Since seasonal fluctuations in the 
free amino acid content of the leaves could be expected 


i and since the expression of symptoms of some virus 





Theodor O. Diener 


markedly 
it was thought desirable to analyze samples taken 
Such a study, it was 
knowledge of 


diseases is known to vary with the season, 
throughout the growing season 
fruit tree 
metabolism and might yield clues as to the mechanisms 


heped, would increase our 
by which plant viruses change the biochemical equi- 
librium within the affected tissue. Such virus-induced 
metabolic deviations, ultimately leading to the produc- 
tion of macroscopic symptoms, undoubtedly occur (2), 


yet they are litthe understood (2). Preliminary results 
of the investigation have previously been reported (8). 

Materials and methods. Source trees—\Informa- 
tion on the 15 trees selected for the study is assembled 


in Table 1. 


ively for 


All trees were part of a plot used exclus- 
stone fruit virus investigations. To minimize 
possible environmental effects on the free amino acid 
leaves, neighboring trees were 


Elberta trees No. 1. 2. 


> originated from budwood taken from the same source 


composition of the 


selected Ww heney el possible. and 


tree and were neighbors in one row. The 5 Lovell 
seedling trees (No. 4 to 8) were of the same age (2 
years) and in the same row. The 2 Prunus mahaleb 
trees were growing in proximity, and all 5 Prunus 


avium trees (No. 11 to 15) were members of a single 


orchard row. 
Tree No. 2 had Western 


\-disease 2 years before the heginning of the investi- 


been inoculated with 
gation, trees No. 6 to 8 during the previous year. Typi- 
cal symptoms of Western X-diseas@developed on all 
! trees in May and lasted throughout the rest of the 
-eason (20). 


Tree No. 9 appeared healthy and gave consistently 


negative reactions when indexed on Shiro-fugen 
flowering cherry (18. 19). Tree No. 10 was infected 


with ringspot virus (5) as evidenced by characteristic 


Taspie 1. Species, variety, condition, and age of source 
trees 

Age 

No. Species Variety Condition (years) 
l P. persica Elberta Healthy 3 
2 P., persica Elberta Western X-disease 3 
, P. persica Elberta Healthy 3 
t PP. persica Lovell seedling Healthy 2 
5 PP. persica Lovell seedling Healthy 2 
6 P. persica Lovell seedling Western X-disease 2 
7 PP. persica Lovellseedling Western X-disease 2 
8 P. persica Lovell seedling Western X-disease 2 
Y P. mahaleb Seedling Healthy 4 
10 P.mahaleb Seedling Ringspot® } 
1] P. avium Bing Healthy 5 
12 P. avium Bing Mottle leaf 5 
13 ~P. avium Bing Rasp leaf 5 
14 P. avium Bing Healthy 5 
15 P. avium Mazzard Healthy 5 


seedling 


Negative reaction on Shiro-fugen flowering cherry. 


on Shiro-fugen flowering cherry. 


Positive reaction 
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TaBLe 2.—Ry values ar hydrin color of identifier 
ninhydrin-reactive bstances 
R \ i 
Pheno HO Butanol ace Ninhvydrin 
Compound (no NH icid-H# color 
0.09 0.10 purple 
B 0.41 0.02 purple 
( 0.7] 0.03 purple 
D 0.68 0.2] purple 
F 0.54 0.30 blue 
H 0.38 0.08 purple 
M 0.16 0.39 brown 
N 0.22 0.18 olive 
4 0.05 0.13 purple 


positive reactions when indexed on Shiro-fugen flower- 
Throughout the trees No. 12 


symptoms ot 


ing cherry season 


13 respectively exhibited typical 


leaf (16) and rasp leaf (4 
Sampling method Le samples were collected at 


two-week intervals. beginning shortly after bud-break 
(April 17) and continuing until defoliation ( Novem- 
ber 6). During the sprit the most mature leaves 
available at the particular date were selected \s 
soon as possible, wh le ive Wwe t ised 
Semples from the sweet rrvy trees were restricted 
to terminal leaves Other =f leaves were collected 
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at random from various branches of a tree. The leaves 
16°... 
The extraction method used 


were placed in fruit jars and stored at 

{mino acid analysis. 
It con- 
sisted of alcoholic extraction and disintegration of 15 


was similar to the one described earlier (7). 


g of leaves in an Omnimixer, followed by filtration 
removal of lipids with chloroform. introduction 
of the solution onto a Dowex-50-H+ column with sub. 
sequent elution of the amino acids with 1.V ammonium 


and 


hydroxide. The eluate was evaporated in vacuo, the 
residue dissolved in 1V HC], and the volume adjusted 
to 2.0 ml. Equal amounts, namely 8 < 2 yl of each 
amino acid solution, were then spotted on each of 3 
Whatman No. 1 papers with 2-41 micropipettes. Two- 
dimensional chromatograms were produced, using 
water-saturated phenol (without NH.) in the first di- 
n-butanol-acetic-acid—water — (4:1:5, 


mension and 


\ v) in the second dimension. 


< 


was used for the de- 
amino acids and For the 
determination of proline and pipecolic acid, separate 


Ninhydrin color reagent (3) 
termination of all amides. 


chromatograms wet 


e treated with isatin color reagent 
(3). The identity of all compounds was determined 
by co-chromatography with reference compounds, using 
up to 5 different solvent systems. A sample of baiki- 


aine was generously supplied by Dr. G. Harris, Nuffield, 
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Surrey. Alpha-aminoadipic acid was prepared by the 
method of Waelsch et al (25). 

Maximal optical density values of each amino acid 
spot were determined with a Photo-volt densitometer 
by the method of Block et al (3). 
cal ulated from the 3 chromatograms made with each 


Average values were 


sample Preliminary tests with standard solutions 
showed that these values could be reproduc ed with 


ecuracy better than £15° for all compounds 


an 
except proline and pipecolic acid. With these 2 com- 
pounds the accuracy was ~20°%. 

The objective of the present study was to detect 
differences in the relative concentrations of individual 
amino acids between various samples, but not to 
determine absolute amino acid concentrations. Conse 
quently, no attempt was made to convert the optical 
density values into actual amino acid concentration 
I 


values. When spots containing equimolar amounts + 
various amino acids are sprayed with ninhydrin. the 
resulting color intensities are different with different 
amino acids (3). It is therefore not valid to assume 
that optical density values recorded for different amino 
acids, either on the same or on different chromato- 
grams. would be proportional to the concentrations 
of the respective amino acids. The method employed 


does, however. allow one to « ompare the opti al density 
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Fig. 2. Major free amino acids and amides in Prunus 
mahaleb and Prunus avium leaves and their fluctuations 


during the season, Ordinates: maximal optical density 


DIENER: AMINO ACIDS AND AMIDES IN VIRUS-INFECTED CHERRY AND PEACH 143 


values of each amino acid with that of the same amino 
acid in all other samples. 
Results. 


following amino a ids and amides could be detected 


{mino acids and amides detected.—The 


and identified: alanine, 8-alanine, «-aminoadipic acid, 
y-aminobutyrie acid, arginine. asparagine, aspartic 
acid, baikiaine, glutamic acid, glutamine, glycine, histi- 
dine, leucines, lysine, phenylalanine, proline, pipecolic 
acid, serine, threonine, tryptophan, tyrosine, and valine. 
In addition, several ninhydrin-reacting substances 
whose identity could not be established were found in 
certain samples. In Table 2, some chromatographic 
characteristics of these unidentified compounds are 
given. 

Figures 1 and 2 present graphically the optical 
density values measured for the major amino acids 
and amides throughout the season, Several identified 
and all unidentified compounds occurred in’ such 
small concentrations that optical density values of the 
resulting spots could not be determined accurately. 

No appreciable differences in amino acid or amide 
concentrations could be detected between samples 
taken from healthy Lovell peach trees (No. 4 and 5) 
and healthy Elberta peach trees (No. 1 and 3), or 
between healthy Bing cherry trees (No. 11 and 14) 
and the healthy Mazzard cherry tree (No. 15). The 
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optical density values were therefore combined, and 
Fig. 1 represents the 
| healthy peach trees (No. 1. 3. 
4, and 5) and those of the 4 peach trees infected with 


Western X-disease (No. 2. 6. 7. 


sents the average values of the 


average values used as follows. 


average values of the 


and 8). Fig. 2 repre- 
} healthy sweet cherry 
trees (No. 11, 14. and 15). The values recorded in 
Fig. 2 for healthy and ringspot-infected 
mahaleb these for 


Prunus avium leaves represent data 


Prunus 
leaves. and mottle-leaf-diseased 
from individual 
trees. 

Seasonal variations. Both in peach and in cherry 


leaves, y-aminobutyrie acid, alanine, aspartic acid, 


glutamic acid, and glutamine were found to be the 
major components of the free amino acid pool at all 
The concentrations of these 
stable throughout the 


season, except those of glutamine and glutamie acid. 


times during the season. 


five compounds were relatively 


Glutamie acid reached a pronounced peak during late 
Glutamine 
consistently diminished in the latter part of the season. 

Most of the other 


source trees, 


spring in peach and Prunus mahaleb trees. 
amino acids. regardless of the 
were found in their highest concentra- 
tions in early spring. Concentrations diminished dur- 
ing mid-season and often reached another peak late 


in fall. In all healthy trees, arginine could be detected 


only during the spring. Glycine. on the other hand. 
was not present in detectable amounts in’ spring 


(except in Prunus mahaleh leaves) but always ap- 
peared in considerable concentrations during the latter 
part of the season 

In leaves collected from healthy trees, pipecolic acid. 
tyrosine, tryptophan. a-aminoadipic acid. and the un- 
identified compounds A. B.C. D. H, and M could be 
detected only in the spring. Compounds B,C, D, and 
H were detectable only in the first taken 
after bud-break. Unidentified compound F was found 


only in leaves from the 


samples 


first spring collection of peach 
and sweet cherry trees and again in leaves from the 
last fall collection of peach trees 

Species differences._-The values in Fig. 1 and 2 
show clear-cut differences between peach and sweet 
cherry in the seasonal occurrence of amino acids, In 
sweet cherry leave - the re was a pronoune ed mid sedson 
drop in concentration of many free amino acids that 


did not occur in peach leaves. This was particularly 


true in the case of valine. serine, threonine, leucine. 
and asparagine. Often. only aminobutyric acid, 
alanine, aspartic acid. glutamic acid, and a trace of 


glutamine could be found in mid-season samples aot 


sweet cherry leaves 


Glycine, which could be detected only during the 


latter part of the season in peach and sweet cherry 


leaves. was found throughout the Prunus 


mahaleb 


phan, and unidentified 


season in 


leaves Histidine lysine, tyrosine, trypto- 


compounds could not he de- 


tected at any time in Prunus mahaleb leaves 
Differences between healthy and 
1) Western 
healthy trees. pipecolic acid could be detected in trace 


rirus-diseased trees 


\-disease in peacl In leaves from 
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amounts very early in spring. but not during the re- 
In leaves from Western-X-dis- 
eased trees, however. it could be found consistently in 


mainder of the season. 


considerable amounts throughout most of the season, 
Proline was present in small amounts during most of 
the season in leaves from healthy trees, but was in 
much higher concentration in leaves from Western-X- 
diseased trees. Arginine was consistently found in 
higher concentration and persisted longer during the 
season in diseased leaves than in healthy leaves. Two 
unidentified compounds. designated N and R. could 
be detected only in early spring and only in leaves 
from Western-X-diseased trees. 


2) Ringspot in Prunus mahaleb. 


Baikiaine could 
not be detected at any time in healthy Prunus mahaleb 
leaves but was found in small amounts during early 
spring and again in July and August in leaves from 
the ringspot-infected Prunus mahaleb tree. 

3) Cherry mottle leaf. 
in healthy sweet cherry leaves only up to the middle 


of May. 


leaf, pipecolic acid was present in higher concentra- 


Pipecolic acid was present 
In leaves from the tree affected with mottle 
tion and persisted until the middle of June. 


4) Rasp leaf. 
amino acid composition between leaves from healthy 


No appreciable differences in’ free 


trees and leaves from the rasp-leaf-diseased tree could 
be detected. except that traces of unidentified com- 
pound H were detected in early spring in diseased 
but not in healthy leaves. 

Discussion. The major amino acids found through- 
out the season in sweet cherry. Prunus mahaleb, and 
peach leaves were y-aminebutyric acid, alanine, glu- 
tamic acid, and aspartic acid. The prominence of 
y-aminobutyrie acid in these leaves is in accord with 
its widespread occurrence in other plant species (12. 
22) 


23 The ubiquitous presence of alanine, glutamic 


acid, and aspartic acid may be connected with the fact 
that their amino groups (and possibly that of glycine) 
are directly incorporated into the respective molecules 
from ammonia nitrogen (24). It is believed that they 


represent primary amino acids from which, directly 


or indirectly. most other amino acids are synthesized 
(24). 

In cherry leaves. most amino acids and both amides 
highest coneentrations during early 


reached their 


spring and again in late fall. Several amino acids 


could not be detected consistently in) sweet cherry 


leaves collected during the summer. The early-season 
peak is undoubtedly connected with the high level of 
protein synthesis taking place in young leaves. The 
late-fall 


peak is presumably protein 
hvdrolvsis and the translocation of nitrogenous com- 


associated with 
pounds prior to leaf abscission. 

However, these two peaks in amino acid concen- 
tration were much less pronounced in Prunus mahaleb 


The rela- 


leaves and almost absent in peach leaves 


tively constant concentration of many amino 


throughout the season in peach leaves and the low 
absence of several amino 


concentration or apparent 


acids during summer in sweet cherry leaves seem to 
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he characteristic of these respective plant spec ies, 

The presence of Western X-disease virus greatly 
affected the free amino acid composition of diseased 
leaves. The accumulation of pipecolic acid in affected 
leaves during most of the season appears to be inti- 
mately connected with virus-induced disturbances of 
lysine metabolism and may be directly related to symp 
tom production (9). Proline oxidase, found in animal 
tissues. is known to attack not only proline but also 
pipecolic acid (15) It therefore appears possible 
that the accumulation of both pipecolic acid and pro 
line may be due to one and the same metabolic aber- 
ration caused by the Western X\-disease virus. 

In contrast to the pronounced effect of Western 
X-disease on the free amino acid composition of peach 
leaves. the other three virus diseases investigated 
ringspot in Prunus mahaleb and mottle leaf and rasp 
leaf in sweet cherry—had only minor effects on the 
free amino acid content of the leaves. Baikiaine i 
compound related to pipecolic acid (A*t-dehydropipe 
colic acid) and known to occur in certain plant tissues 
(14. 24). could be detected in some leaf samples from 
the ringspot-infected Prunus mahaleb tree.—State Col 
lege of Washington, Irrigation Experiment Station, 
Prosser. Washington 
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THE RESPONSE OF CORN TO INOCULATION WITH 
DIPLODIA ZEAE AND GIBBERELLA ZEAE 


D. C. Foley 


Accepted for publication August 10, 1959. Journal Stalk breakage varies with years, areas, and within 
Paper No. J-3678 of the Iowa Agricultural and Home Eco- 


o fields of the same hybrid, and is thus a poor index 
nomics Experiment Station, Ames. Project No. 1140, : E 


of susceptibility. A rating index based on a standard- 


SUMMARY ized procedure of exerting force against corn stalks 
Several varieties of corn were inoculated by the could be used for more precise detection of plants 
infested oat kernel method with Diplodia zeae and weakened by stalk rot. The following experiments 


Gibberella zeae. In 1956. small increases in stalk 
breakage and decomposition were observed follow- 
ing inoculation with D. zeae but not with G. zeae. 
Inoculation with either organism did not cause in- 


were designed to study the response of corn to inocu- 
lation with Diplodia zeae (Schw.) Lev. and Gibberella 
zeae (Schw.) Petch. 


creases in weakening and breaking of stalks in Materials and methods. In 1956, 4 inbred and 
1957. Tissue reaction rating was the only disease 5 hybrid corns, ranging from susceptible to resistant, 
criterion influenced by site of inoculation. In gen- were selected to study the effect of inoculation on 


eral, inoculation failed to reproduce the syndrome 
found in naturally infected plants. Stalk weaken- 
ing was the most constantly occurring symptom of 
stalk rot and the best index of inherent suscepti- 


several criteria of disease severity. The experiment, 
at Ames, lowa, was replicated 4 times in a split-plot 
design; corn entries were main plots, and treatments 


bility. Progressive weakening of the stalk was were subplots. Four of the treatments consisted of 
caused by continued microorganism activity, and two organisms, G. zeae (isolate 12) and D. zeae (iso- 
eventually resulted in stalk breakage and disintegra- late 22), introduced into nodes or internodes on July 
tion. 28. The fifth treatment consisted of a nodal inoculation 





with D. zeae delayed until August 25. The 3 remain- 
A common method of rating corn (Zea mays L. ing treatments were uninoculated controls: drilled 


for stalk rot resistance consists of introducing one or nodes, drilled internodes, and undrilled stalks. Inocu- 


more organisms into the stalk after anthesis and deter- Jum was prepared by growing the organisms at room 
' _ ¢ ®& = =* - S 


mining the amount of discoloration in split stalks 3-4 temperature for 28 days on oats sterilized in an equal 


weeks later (6). This technique. referred to as tissue volume of water. Inoculation was effected by inserting 


reaction rating, produces an intense black discoloration an jnfested oat kernel in a hole of 3/16-in. diameter 


similar to that associated with corn borer (Pvrausta 


epi in the second node or internode above the uppermost 
nubilalis Hbn.) tunnels. Inoculation has not been 


: : brace roots. 
demonstrated to induce some of the important symp- mie ; 

: In 1957, the above techniques and isolates were used 
toms of naturally occurring stalk rot. Under lowa 


a 2 me : ae 7 + — Se a : 
conditions, stalk breakage, an important manifestation '° 1% ulate 9 hybrids in holes drilled only in inter 


of stalk rot, is preceded by death of lower leaves and nodes; undrilled uninoculated plants were controls. 


occasionally the entire plant, softening of the rind, Stalk breakage counts were made biweekly in Sep- 
and varying degrees of decomposition of stalk paren- tember and October of both years. Because of the 
chyma tissue. small amount of natural breakage in 1957, an addi- 
Tasie 1.—Stalk breakage (percentages converted to angles) of 9 corn entries given 8 inoculation treatments (October 


17, 1956) 


Entry 
Bl4 Oh41 WF9 Hy B14 0s420 B14 WFO WF9 

Inoculation . : : . . Treatment 
treatment (103 187-2 38-11 38-11 L317 means 
Giberella zeae 

Node 0 27 0 42 0 0 0 6 18 10 

Internode 0 28 0 17 0 11 0 3 20 12 
Diplodia zeae 

Node 0 ,] 0 55 0 10 0 6 34 15 

Internode 0 29 6 54 5 15 0 10 36 17 
Delayed Diplodia zeae 

Node ) 24 0 es) a) 14 0 , 1] 10 
Drilled only 

Node 0 28 0 44 0 5 0 0 i) 10 

Internode 0 29 0 38 5 0 i) 0 18 10 
Not drilled 0 33 2 13 0 21 3 0 7 12 
Entry means 0 29 ] 45 2 y 0) 1 19 


Coefficient of variability, 56.21%. 
LSD at 5% level: between entries, 6.2; between treatments, 3.2; between treatments on the same entry, 9.4; entry X 
treatment interactions, 13.3 
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Tasie 2.—Stalk tissue discoloration ratings for 9 corn entries given 


— 


Bl Oh4l WF9 Hy 

Inoculation 

treatment 
Gibberella rede 

Node 2.9 6 26 1.4 

Internod: +.] 1.4 8 1.7 
Diplodia zee 

Node 4.0 >. 1 13 5.1 

Internode 4.5 5.3 5.3 5.2 
Delayed Diplodia zeae 

Node 2.8 2.1 2.5 2.5 
Drilled 

Node 2.4 >.G 2.5 3.5 

Internode 3.6 1.6 3.6 ,7 
Entry means 35 1.0 3.5 1.2 


Coefficient of variability, 24.11°%. 
LSD at the 5% 
treatment “ entry interactions, 1.27. 


tional rating was made by pulling the stalks to a 20- 
degree angle from vertical and recording as weak the 
stalks that broke. Percentages of broken stalks and 
weak stalks in all plots were converted to angles 


‘ 


(angle = ar for statistical pur- 


poses. 
All stalks were split. and scored from 1 to 6 accord- 


ing to the extent of discoloration (Fig 2). Parenchyma 


-ine\ / percentage ) 


decomposition was measured by the number of inches 
of stalk rotted enough to expose vast ular bundles com- 
pletely. 
Results. 
treatments in 1956, although statistically significant. 


Differences in stalk breakage between 


were highly variable and difficult to interpret (Table 
1). Two hybrids (Os420* 187-2 and WF9XL317) ex- 
hibited erratic behavior. Significant increases in break- 
age occurred in WF9XL317 and Hy following July 
inoculations with D. zeae; otherwise. inoculation had 


TAs_e 5. frerage number of inches ot stalk parenchyma 
ments (October €s 1956) 


B14 Oh41 WF9 Hy 

Inoculation 

treatment 
Gibberella zeae 

Node 1.0 4.1 1.5 4.1 

Internode 0.8 48 4.4 4.6 
Diplodia zeae 

Node 1.6 6.0 5.0 7.8 

Internode 0.9 5.0 5.9 5.3 
Delayed Diplodia zea¢ 

Node 1.8 3.8 3.7 28 
Drilled only 

Node 1.0 1.6 3.7 3.6 

Internode 0.9 1.7 3.2 3. 
Not drilled 0.8 3.4 1.0 3.8 
Entry means 1.1 4.6 ws 4.5 


Coefficient of variability, 37.07%. 
LSD at the 5% level: between treatments, | 
treatment entry interactions, 2.1, 


_—— 
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, inoculation treatments (October 17, 1956) 


Entry 
Bl4 0s420 B14 WF9 WF9 
. . . . : Treatment 
(103 187-2 38-1] 38-11 L317 means 
1.9 2.8 1.4 2.8 4.1 3.0 
4.2 1.4 4.0 1] 4.6 4.2 
3.4 4] >.0 1.5 5.5 4.3 
1.9 5.4 5.0 5.0 5.8 5.2 
2.4 2.4 2.4 2.6 2.7 2.5 
2.2 2.8 2.3 » a 53 2.7 
4 3.7 3.6 3.8 4.2 3.8 
3.2 3.7 | 3.6 1.3 


level: between entries, 0.55; between treatments, 0.30; between treatments on the same entry, 0.90; 


little effect on stalk breakage. 

Stalk breakage counts of October 17, 1956, included 
only breaking that could be directly attributed to rot- 
ting. For example, stalks with a corn borer tunnel or 
injury other than inoculation at the point of collapse 
were not included, even though rotting probably con- 
tributed most as a cause of the break. Only 0.82% of 
all stalks broke over at tunnel locations, a value equiv- 
alent to 7% of broken stalks. This lack of effect was 
further illustrated by the low breakage of Bl14*C103, 
a hybrid heavily infested with borers. 

The point of breaking was, however, correlated with 
plant structure: over 95° of the breaks were near a 
node, at the extreme lower portion of an internode. 
The point of breakage varied with the hybrid. WF9> 
L317 broke with equal frequency near either the 3rd, 
Ith. or Sth node above the uppermost brace roots, with 


occasional breaks at nodes above and helow Most 


decomposition for 9 corn entries given 8 inoculation treat- 


Entrv 
B14 0<420 B14 WF9 WF9 
: ¥ Treatment 
C103 187-2 38-1] 38-1] L317 means 
&. 3.8 0.4 ].] 3.2 2.6 
1.1 3.5 0.5 0.9 2.4 2.5 
1.9 5.2 1.2 2.8 5.4 ’ 
2.4 1.6 3.8 1.9 6.7 4.0 
1.4 3.7 0.6 08 18 2.3 
1.9 2.4 0.9 1.6 25 2.5 
95 5.0 0.1 0.8 29 2.6 
0.6 4.2 0.7 1.2 2.5 2 
1.6 1.1 1.0 1.4 54 
entries, 1.2; between treatments on the same entry, 1.5; 
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breaks in hybi WE9 38-11 and Os420* 187-2 were 
at the third node | ¢ very few reaks were 
at the crown. where rott is often first evident and 


usually most severe 


Breakage on rred 1 the season in hybrids 
than in inbreds. | ty e per cent of the breakage 
in susceptible inbreds Oh41 and Hy occurred after 
September 21. | vbrids WEF9XL317 and Os420> 
187-2. 17 ot the urred betore Septem 
her 13 

Rank of t i@ discoloration rat 
ings was n il that Ik break 
age ratings. Specifi e discoloration ratings did 
not indicate n nitude f irietal diflerences (Table 
2). Discoloratio rred only in the vicinity of a 
wound: thus, undrilled vere no d. Tissue 
discoloration Wd- thie rast criter ‘? influenced 
by site of inoculat [hie i lgnificantly greater 
discoloration vith ( | oculation than with 
comparable nodal ins These phenomena o¢ 
curred with bot ol d control treatments 
The differencs ( tion between inoculation 
sites were greater t t than in the suscepti 


ble entries 


Difference ‘ t bifve tf among en 
tries mon treat t | thre nteractions of 
entries treatment ‘ \ - of stalk irenchy 
ma decompo tion dat es Small increases in 
decay occurred it ‘ susceptible entries in 
oculated in Jul vith DP ’arenchy! 1 decompos! 
tion was first observed odes, and was often 
limited to the nodal are 1) in beth inoculated 
ind uninoculated nt “ mulation with eithe 
2D. rede or © | {Ty ! ) thre i ount «of 
decay 

(Lorn entries x te talk renchyma ade 
composition Is I i ft est percentage oft 
broken stalk . tf stalk reakage with 
decompositio aid ! I 1 ¢ I ny 


stalks having f tio were not broken 


and there were roke L not badly rotted 
softened rind wast lent svmpt of stalk 
rot All rotted o1 roke ts had softened rinds 
Stalks severely weakene t without exter ( par 
ene hyma decomp tie ‘ ich dt 1 pear 
ance than stalks veak 1 plants 

Decomposition ! t x | chyma did not interfere 
with tissue discoloration « ition. because discolora 
tion was limited in most ts to the area surround 
ing inoculation point ( lecompositie ssually 
occurred at each of the nodes | w the ear. A rating 
of 5 would usually ind t i plant wit } . of 
rotted area at each of 5 nod Wide ranges of rotting 
severity were found in ea entry. For example. the 
amount of decomposit Oh4l inoculated with 
D zeae in the internode ried trom O to BJO it per 
plant. Entries differed by frequency distribution of 
plants in classes of severity rather than by i uniform 
difference in all plants noculation with G. zeae had 
no effect on the amount of decomposition in 1956 





ATHOLOGY 


Che inoculation experiments of 1956 and 1957 were 


conducted under different severities of stalk rot. In 
1956, parenchyma decomposition and rind softening 
were severe enough to weaken the stalks of some en- 
tries so stalk breakage followed. In 1957. decomposi- 
tion and rind softening were not severe enough to 
cause much breakage, even in susceptible hybrids. No 
breakage had occurred by October 17 in hybrids Bl4 
C103. B14 B38, WF9 Bl4. and WE9 x 1205: 
the percentages of stalk breakage of the other hybrids 
were low (4.8, 1.7, 1.2. 0.6. and 0.2 for Os420~ 187.2. 
Os420* WE9, 38-11*& WF9. B7XWF9, and Oh43 
WE9, respectively). Rind softening in 1957 did oceu 
to the extent that the use of a disease rating based 
on percentage of weakened stalks was facilitated 


(Table 4 


The variability of data obtained with this 


Fig. 1- Section of uninoculated corn stalk showing de- 
composition of nodal tissue. 
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rating was less than that in the breakage ratings of 
1956. Differences were highly significant among the 
hybrids in percentages of weakened stalks in 1957. 
Hybrids with many weak-stalked plants in October 
had had many prematurely dead plants in September. 
Inoculation had no effect on parenchyma decomposi- 
tion or premature dying. 

Discussion.— Introduction of either D. zeae or G. 
zeae into corn stalks has little influence on phases of 
stalk rot responsible for stalk weakness. The frequent 
occurrence of stalk rot in uninoculated plants of sus- 
ceptible entries indicates a high incidence of natural 
infection. Failure of artificial inoculation to induce 
substantial increases in severity is probably due to the 
limiting influence of environmental conditions on 
disease development rather than to ineffectiveness of 
inoculation technique. Host nutrition is an important 
factor affecting stalk rot severity (1, 4). 

The primary result of inoculation is discoloration 
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Fig. 2. Scale for rating extent of tissue discoloration in 


stalks inoculated at two sites. A) Internodal inoculations. 
B) Nodal inoculations 





Paste 4.—Weak stalks (percentages converted to angles) 
of 9 corn hybrids given 3 inoculation treatments 
(Oe tober lh. 19 7) 


Inoculation treatment 


Diplodia Gibberella Hybrid 
Hybrid zeae zeae Control means 
B14 B38 15 16 1] 14 
Oh43* WE9 52 35 39 12 
Os420* WF9 69 67 72 69 
WFO B14 22 18 lf 19 
38-11 « WF9 26 28 26 27 
B7 = WF9 4 58 59 57 
1205 WF9 ss) 24 18 26 
B14 C103 10 10 11 1] 
0s420 « 187-2 >1 52 4 52 
Treatment means 37 4 3 


Coefhcient of variability, 23.24% 


LSD at the 5° 
treatments, n.s.; treatment & entry interactions, ns, 


level: between entries. 10.4: between 


in the immediate vicinity of inoculation loci. This dis- 
coloration does not eccur in unwounded diseased 
plants. The extent of this induced discoloration is 
correlated with several physical and chemical char- 
acters and with the amount of dead tissue in the inter- 
node (5). The drying of the dead parenchyma cells 
explains why discoloration can be correlated with 
moisture content. Correlation of disease severity with 
chemical and physical characters of the host would 
not necessarily have a direct biological basis, since 
stalk rot is a disease of maturing plants in which 
physiological changes are occurring naturally. 

Nearly uniform stalk weakening followed by various 
degrees of decomposition indicates that a primary con- 
sequence of infection is dissipation of stalk strength, 
which may. depending on environment, develop into 
visible decomposition of stalk parenchyma. Individual 
observations showed that stalk strength reduction is 
not dependent on the presence of visible parenchyma 
decomposition. Although reduction in stalk strength 
and parenchyma decomposition are probably the re- 
sult of similar chemical activity, more than one organ- 
ism can be responsible for this activity. Different or- 
ganisms may be involved in different stages. Therefore, 
determination of the causal agent by identification of 
fruiting bedies on decomposed stalks may be erroneous 
for earlier stages of disease 

At present. there is no known method for obtaining 
pathogen-free plants. Thus, only limited conclusions 
about causal nature can be based on results from in- 
oculation. Addition of inoculum to infected plants 
would not necessarily increase severity, particularly 
since environment largely determines the degree of 
severity within any given susceptible entry. Using 
controls would help clarify symptomology, such as 
the relation of necrosis of sheaths of lower leaves to 
early phases of rot. 

Because of the lack of a suitable method to increase 
stalk rot artificially, a type of rating is needed to in- 
dicate, in years or areas of low severity, inherent 


proneness to develop stalk rot severe enough to cause 
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breakage. Some methods known to increase severity, LITERATURE CITED 

such as leaf clipping (2, 3), have injurious side effects l. Forry, D. C., anp C. C. Wernuam,. 1957. The effect of 
that mask manifestation of inherent resistance. The fertilizers on stalk rot of corn in Pennsylvania, 


tissue discoloration rating does not depend on devel- 
opment of rot, and is unsatisfactory; the ratings of 
1 poor indication of hybrid 
WF9, an inbred 
iction, is crossed with a sus- 
ceptible line such as L317, O<420, or B7, the resulting 
hybrid is highly suse eptible 


inbred lines are sometime 


performance. For example, when 


with a resistant tissue re 


Breakage and decomposi- 


tion are quite variable because of factors other than 
inherent susceptibility. as demonstrated by the simul- 
taneous occurrence of severely and slightly rotted 
plants within single cross hybrids. Rind softening, 
resulting in loss of stalk strength, is the most fre- 


quently occurring effect of infection, and thus the 


best available indication of inherent susceptibility 
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SUMMARY 

1956 have 
shown that internal cork of sweet potato can be 
controlled by planting cork-free plants of suscepti- 
ble varieties 100 yards or more away from cork- 
affected plantings 


Experiments made in Louisiana since 





Internal cork. as originally described (10). is char- 


acterized by the development of brown to black spots 
in the tissue of sweet potato roots It 1s caused by a 


f viruses (5, 6, 9. 11. 12).In 


virus or a complex of 


Louisiana. incidence ane severity of the disease in- 
creased so rapidly sweet potato plantings that it 


was recognized as a thre it to the industry as early as 

1952 

problem. 
In about 


cork-free 


By 1955. internal cork had become a serious 


1952. started on isolating 


sweet potato plantings as a means of con- 


studies were 


trolling internal cork in Louisiana. By 1956 it was 
fairly well recognized that. though the disease spread 
cork affected 


plantings, the disease was relatively slight in cork-free 


rapidly into cork-free plantings near 
plantings only a few hundred yards from cork-affected 


plantings. Therefore, extensive experiments were be- 
gun in 1956 to determine the effectiveness of isolation 
in controlling the disease in the susceptible commercial 
Results of these experi- 


\ short report of the find- 


varieties planted in the state 
ments are reported herein 
ings has been published (8 

Methods and results. Although 
symptoms have been associated with internal cork by 
different workers since 1946 (1, 2, 3, 6, 10, 11, 12), 


there still is uncertainty as to the relationship of such 


various leaf 


symptoms to the root disease. Consequently. root lesion 
symptoms were used to identify the disease. The cork- 
free line of the Porto Rico variety used in these studies 
is known to contain virus that causes chlorotic spot- 
ting of leaves as described by Nusbaum (10. 11) and 
used to identify 


Hildebrand (1. 2, 


3). This Porto Rico stock has been maintained free 


internal cork by 


of root lesion symptoms since 1952 by growing it in 
isolation from other sweet potatoes. During 1956 and 
1957, internal cork was transmitted experimentally to 
this cork-free stock by {phis gossypu Glover (5). 
Determination of root lesion symptoms was made by 
slicing roots into 1 8-in. slices with a model C Eagle 
food slicer. Roots from each sample were sliced at 


harvest and after 5 months of storage above 70°F. 


In 1956 an experiment was designed to give precise 
information on the spread of internal cork from a 
central core of cork-affected plants into a 2-acre cork- 


free planting. Data on transmission of the disease 


Paprte 1.—I/nternal-cork-affected roots at harvest from sweet 
potato samples taken at different distances from 
central cork-affected planting in Louisiana, 1956 


Distance Affected roots 
and a 


(ft.) (%) 

0 42.2 

10 18.6 

22 95 

1) 6.2 

60 6.1 

80 5.3 

100 ie - 

120 2.9 
LSD 5% 6.19 
1% 8.25 


‘Mean of 8 samples each. 
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Taste 2.—Cork-affected roots in insecticide-treated and untreated plots from isolated cork-free plantings and cork-affected 
roots in commercial sweet potato plantings in Louisiana, 1956-58 


Affected in commercial 


prane plantings 
— Affected in isolated plantings (%) (%)b 
planting At harvest After storage At After 
no. Treated Untreated Treated Untreated harvest storage 
1956 
] 0 ] 
2 1 : 
3 2 17 
Mean l 9 23 58 
1957 
l 0 0 } 2 
2 ] 0 2 2 
2 2 6 
| 1 2 10 13 
5 2 1 5 1] 
6 2 ] 13 12 
Mean ] ] 6 8 15-20 40-60 
1958 
l 0 0 0 0 6 18 
2 0 0 5 a 4 16 
} 0 0 0 3 0 4 
} 2 0 21 2 22 27 
5 0 0 ] 0 2 7 
6 0 0 ] 2 8 8 
7 2 ] 6 3 8 7 
8 0 3 } 6 12 42 
9 0 3 7 14 38 31 
10 0 0 0 0 
Mean l ] i) 3 1] 18 
Mean percentages represent the following number of samples (each containing 50-100 roots) from each plot: 3 in 


1956, 10 in 1957, and 5 in 1958. Split-plot analysis showed no significant difference due to insecticide treatment in 1957 


and 1958. In 1957 there was a significant difference (5% 


cant difference (1% level) between lox ations and a highly 


location 


level) between locations: in 1958 there was a highly signifi- 
significant (1% level) interaction between treatment and 


*The percentages were obtained from one composite sample in 1956, estimated in 1957, and from one composite 


sample from each farm in 1958, 


were obtained from 8 samples taken at different dis- 
tances on each of 8 lines radiating from the central 
cork-affected plants. Details of this experiment have 
been published (7). Table 1 summarizes the results. 
Affected roots were comparatively few in samples 
taken 120 feet from affected plants. 

Data were obtained on the occurrence of internal 
cork in the following number of originally cork-free 
plantings separated by at least 100 yards from other 
commercial sweet potato plantings in southwest Louisi- 
ana: 3 plantings in 1956, 6 plantings in 1957, and 10 
plantings in 1958. In 1957 a portion of each cork- 
free planting was dusted at weekly intervals during 
the growing season with a combination of 5° malathion 
(S-(1.2-dicarbethoxyethyl]) -O,O-dimethy] dithiophos- 
phate) and 5° DDT dust at a rate of 10 Ib./A. In 
1958 a portion of each cork-free planting was sprayed 
every other week during the growing season with 
thimet (O.O-diethyl S-ethyl-mercaptomethyl dithiophos- 
phate at a rate of 1 lb./A. Table 2 shows data on 
the percentage of roots affected at harvest and after 
storage 

Discussion and conclusions. The data in 
Tables 1 and 2 show that relatively little internal cork 


spread into cork-free plantings isolated from cork-af- 
fected plantings. Thus, a relatively high degree of com- 
mercial control can be expected by planting cork-free 
stocks of susceptible varieties at least 100 yards away 
from cork-aflected plantings. 

In these experiments, with cork-free plantings iso- 
lated from diseased plants, insecticide applications 
did not significantly reduce incidence of the disease. 
However, earlier experiments with disease-free and 
diseased plantings adjacent to each other indicated 
that insecticides were effective in reducing the disease 
(4). 

In 1957 and 1958, isolation of seed stock plantings 
was practiced widely in the commercial sweet-potato- 
growing sections of Louisiana. A striking decrease in 
severity of internal cork resulted.-Departments of 
Plant Pathology and Entomology, Louisiana State Uni- 


versity. Baton Rouge. 
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St VIVEARY 


both stubby 
nematodes to grapefruit was established in field ob 


The pathogeni ity of sting and root 


servations and. inoculation experiments Observa- 


tions of the feeding habits of sting nematode in 





igar-seedling cultures are reported. Some differ- 
ences in effect on root tissues are illustrated by a 
histological study of normal. sting-nematode-in 

jured, and stubby-root-nematode-injured roots of 
citrus. The feeding of sting nematode results in a 
lesion consisting of a cay surrounded by affected 
cells characterized by ruptured cell walls. coagu 

lated protoplasm, and altered staining reactions 

Such a lesion may effect the apical meristem. caus 

ing it to mature out. The feeding of stubby root 

nematode causes a maturation of the apical meri 

stem. but no lesion formatior 

The sting nematode Belonolaimus longicaudatus 


Rau. 1958. was recognized by Christie (1) and others 
as one of the more important parasites of certain crops 
in the southeastern United States. (Examination of 
preserved specimens has established that the colonies 


o-workers were identical with 


not Steiner's B 


used by Christie and his « 
Rau’s B. longicaudatus (10 ind were 
) Christie. Brooks, 


the first experimental evidence of its pathogenicity and 


gracilis (14). ind Perry (2) obtained 


described a disease it incites on strawberry. celery. and 
sweetcorn. They reported that it feeds at root tips and 
along the sides of succulent roots and causes necrosis 
Histological details 


have hat heen re 


and devitalization of the root tips 


of sting nematode injury apparently 


ROO] 


for controlling internal cork of sweet potato. ( Abstr.) 
Phytopathology 48: 395-396. 

9, Nievsen, L. W. 1952. Internal cork of sweetpotatoes, 
Produc tion of corky lesions in core grafted roots. | ° s. 
Dept. Agr. Plant Disease Reptr. 36: 132-134. 

10. Nespatm, C. J. 1946. Internal cork. a new disease of 
sweet potato of unidentified Phytopathology 
$6: 18-23. 

ll. Nuspaum, C, J. 1950. Internal cork of sweet potatoes, 
South Carolina Agr. Expt. Sta. Bull. No. 381, 23 p. 


cause, 


12. Rankin, H. W. 1950. Studies of internal cork of 
sweet potatoes, ( Abstr.) Phytopathology 1): 790- 
791, 


NEMATODES ON GRAPEFRUIT ROOTS 


Standifer and V. G. Perry 


ported in the literature. 
stubby root nematode. Tri 
Allen, 1957. established — by 


Christie and Perry (3) in 1951. They reported that it 


Pathogenicity of the 


chodorus christiei Was 
feeds mostly at root tips and causes cessation of growth 
hut no extensive necrosis. Since that time it has been 
recognized as a parasite of major importance. Rohde 


and Jenkins (11) 


injury resulting to certain hosts. 


studied its mode of feeding and the 


In 1953 and 1954. sting nematodes and stubby root 
nematodes were found associated with declining areas 
of certain citrus groves in Florida. Suit and DuCharme 
(13) 


parasites from Florida citrus groves. 


and others have since reported beth nematode 


mostly in visibly 


declining areas. The relationship of these nematodes 


to the citrus declines in Florida has largely been ig- 


nored in the literature. 


The present studies. through histelogical examina- 


tions. further investigated the pathogenicity of the 
sting nematode and injury of citrus roots by the 
stubby root nematode. 

Materials and methods. Sandy -<oi! containing 


large numbers of sting and stubby root nematodes was 
collected (Apopka, Florida. 
Additional soil was collected from a nearby grove that 
had treated dibromide 6 
previously. The had 


lished a large population in the relative absence of 


from a citrus grove near 


been with ethylene months 


stubby root nematode re-estab- 


other nematodes. The build-up of this organism follow- 


ing soil fumigation agrees with the observations of 


Perry (9). 
For experimental studies the soil from each grove 


was divided into 3 portions: 1) placed in 6-in. green- 


» 


house pots without treatment. 2) fumigated with 


methyl bromide and placed in 6-in. greenhouse pots, 


and 3) used to extract the sting and stubby reot 
nematodes by the Christie-Perry (4) technique. The 
sting nematodes were collected on an 80-mesh_ sieve 


through which most of the other organisms passed, 
The stubby root nematodes were obtained by washing 


soil taken only from fumigated areas through both 


me 
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80- and 200-mesh sieves. These processes provided al- 
most pure colonies of each nematode species. (An ex- 
periment was then set up with the 3 following treat- 
from 


ments replicated twice: 1) fumigation of soil 


each grove with methyl bromide. 2) fumigation of 


soil from each grove with methyl bromide and inocula- 
tion with about 1000 specimens of its nematode, and 
3) control with no fumigation of soil from each grove. 
The 12 pots were planted with grapefruit seedlings 
Citrus paradisi Macf.). 


for 5 months and then removed. The root systems were 


which were given normal care 


examined for possible injury. and a root system from 


each treatment was preserved in 5°; formaldehyde. 


The nematodes were extracted from the soil by the 
Christie-Perry technique. 

Studies on the feeding of sting nematodes were con- 
ducted with specimens from citrus grove soil obtained 
Orlando, Florida. 


todes were extracted and increased on the roots of 


neal Populations of sting nema- 


plants (Phaseolus vulgaris | grown in the 


After a few 


war bean 


greenhouse, months. sting nematodes re- 


covered from these pots were transferred aseptic ally 


to sterile cultures of bean seedlings growing on 1° 


water agar. The feeding specimens were observed 


with a dissecting microscope 
Samples of branch roots taken from the fixed citrus 
butyl 


Both 


root systems were dehvdrated through a tertiary 


alcohol series (8) and embedded in tissue-mat. 


longitudinal and cross sections were cut at 8 and 10 
u. The sections were stained with a Conant quadruple 


stain with methyl orange substituted for orange G. 


and mounted in Harleco Synthetic Resin. Serial se 


tions of 6 control. 6 sting-nematode-injured, and 3 


stubby-root-nematode-injured branch roots were stud- 
ied. 

Results. Field and experimental observations. 
Sting nematodes were found in several citrus groves 


orange and grapefruit on sour orange. rough lemon, 


ind grapefruit rootstocks) observed to be in slight to 


severe stages of decline 


‘ luded diebac k ot 


fruit, premature dropping of fruit. and a tendency to 


\boveground symptoms in 


young twigs. leaf chlorosis. small 


wilt when moisture was lacking. The root systems ex 


hibited described (2) for this 
blinded root 


rootlets. and abbreviated 


symptoms previously 


nematode on other plant hosts: ne 


rosis, 


tips. scarcity. of feeder root 


Stubby root nematodes found in most of the 


sVvstem- 
same groves were associated with symptoms of Injury 


similar to those described above and typical of those 


produced by this species on other hosts 'O?. 


Both sting and stubby root nematodes survived in 


the greenhouse pot experiments and produced symp- 


tomatic root injury to the citrus roots. Roots of plants 


growing in the unfumigated soil were most 


pots ot 


severely injured. and examination revealed that these 


pots also contained the largest numbers of the two 


parasitic species. Definite symptoms were produced on 


inoculated plants grown in fumigated soil, and large 


numbers of the nematode parasites were recovered 


irom the pots Less root necrosis was olpse rved in the 
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pot experiment than in the groves. Only roots grown 
in the fumigated soil exhibited no symptoms of nema- 
tode injury. 

Observations in culture.—In bean root cultures the 
active sting nematodes were observed feeding at root 
apices, just back of apices, or at the bases of branch 
roots. In attempting to feed, the nematodes usually 
aligned themselves diagonally across or parallel to the 
The posterior half of 
the body remained in a rigid S curve, while the an- 
terior portion moved from side to side like a pendulum 


longitudinal axis of the root. 


and at the same time was arched out in a curve that 
brought the mouth parts in contact with the root at a 
At the tip of a root that had grown out of 
the agar, one nematode established a feeding position 


90° angle. 


even though its pendulum-like movement carried its 


upper body out into the air. Once feeding began, 
there was little apparent movement of the body. De- 
tails of stylet 


served, because of low magnification and because the 


head or movements could not be ob- 


normal sloughing of the rootcap left a laver of de- 
tached cells that concealed the nematode’s head. 

After the feeding. a yellow-colored area developed 
in tissues about the point of penetration. A few days 
after feeding near root apices, the tips were slightly 
swollen. Such roots often curved around in the form 
of a J. but apparently continued to grow 

\ few sting nematodes survived up to 45 days in 
culture, even after the roots died and the plates be- 


came contaminated. During this time eggs were de- 


posited and larvae hatched. Neither larvae nor adults 
were observed feeding on bacterial or fungal contami- 
nants 

Pathological histology. 
The histology of grapefruit branch roots grown 
to that described for the 


Control grapefruit 
roots, 
in fumigated soil is similar 
Valencia (Citrus sinensis 


primary roots ot 


(L.) Osheck) (7). 
a distinct stele and cortex but with an epidermis and 
(Fig. 1). The 


protec tive laver 


orange 
The roots were characterized by 
rootcap arising from a common zone 
hypodermal cells may function as a 
or may give rise to a periderm. The hypodermal peri- 


derm did not appear as a definite layer at the levels 
studied, and was detected only by the irregular pat- 


(Fig. 1 


cork cambium arose after the true cambium had begun 


terns of the root margins The pericyclic 


activity. 
With the staining procedure used. the non-lignified 
lignified cell walls 


cell walls stained blue-green and 


stained red. Protoplasm. where present, stained blue- 
green 


The lesions left 
by the sting nematode were elliptical and extended up 


Roots injured by sting nematodes 
ind down the grapefruit root rather than around it. 
In fixed material. feeding areas were located directly 
at the apices or along the margins of roots (Fig. 2). 
(The 
and the latte: 


former are herein referred to as apical lesions 


as lateral lesions.) Lateral lesions fre- 


quently were located about the base of a branch root, 


ind in some branch roots feeding areas were found 


it both the apex and about the base (Fig. 5). 
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Microscopically the lesions consisted of two distinct varied greatly, but was not observed to extend beyond 
parts: a hollow cavity and, encircling that, an area of — the inner cortex in lateral lesions. The inner chamber 
affected cells (Fig. 3, 6). The depth of the cavity of the cavity was larger than the external opening, 





Fig. 1-6. Seetions of uninjured and injured grapetruit roots, 1) Longitudinal section of normal root, not median 
through apex. Note amount of rootcap present, length of region of elongation, and differentiation and development of 
hypodermal periderm (arrows) 30). 2) Longitudinal section showing lateral sting nematode lesions along both mar- 
gins of the root, The large lesions, small rootcap, short region of elongation, and mature xylem elements (arrows) 
close to the apex are evident, Section is oblique through mid-portion (30). 3) Enlarged section of Fig. 2. (me- 
dian only at top) showing extent of lateral lesion. The deep-staining and coagulated protoplasm of cells bordering 
the cavity is evident (arrows). Evidence of cell division is seen in the regularly arranged cells with dark-stained walls 
(b) surrounding the lesions and the numerous, small cortical cells (a). Extent of damage in the endodermis is shown at 
(e) (X77). 4) Longitudinal section of a root injured by stubby root nematode, (Section is not median through 
apex.) No lesion is evident, but mature xylem element (arrow) occurred close to the apex. Tearing of tissue is due 
to sectioning (30), 5) Longitudinal section through root with a branch root. Feeding by sting nematode has oc- 
curred at apex and at the base of the branch root. Damage is seen in the xylem elements (a). Deep staining ex- 
tends along pericycle and endodermis (arrow) on lower side of the branch root ( <77). 6) Cross section through a 
lateral sting nematode lesion showing the overlap of external cells (a). Casparian bands of endodermis (arrows) are 
seen at top and bottom of the plate. Damage to cells bordering cavity is apparent. Radial walls are heavily stained 
(b), regularly arranged cells (c) border the lesion, and the dark-stained area (d) extends into the pericycle. Pericycle 


at fe) is 2 or 3 cells wide (215). 
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and, when viewed in cross sections, the external root 
cells appeared to overlap the cavity (Fig. 6-a). 

The remainder of the lesion consisted of an area of 
affected cells partly surrounding the cavity. These 
cells were distinguishable by their deeply red-stained 
walls; radial cell walls extending back from this area 
The cell walls 


bordering the cavity were ruptured, and the proto- 


were also heavily stained (Fig. 6-b). 


plasm of these cells was coagulated and red-stained 
(Fig. 3-6). 


traceable in xylem elements (Fig. 5-a). 


Similar effects in apical lesions were 


The walls of cells surrounding the lesion proper 
were stained a lighter red than those immediately 
bordering the cavity. Opposite the point of deepest 
penetration into the cortex, an area of cells with red- 
stained walls extended from the lesion to the pericycle 
(Fig. 6-d). 
of these cells gradually decreased until only a few 


Above and below the lesion, the number 


remained in the pericycle and endodermis (Fig. 3-c). 

There were indications that the parenchyma cells 
about the lesion had been stimulated. Although mitosis 
was not observed, cells in the cortex surrounding the 
lesion were rectangular and were arranged in regular 
rows (Fig. 6-c). The walls of many of these cells were 
red-stained, as described above. In addition, large 
numbers of cells were present in the cortex about a 


lesion (Fig. 3-a). If a lateral lesion was deep, stimula- 
tion of the pericycle occurred on the side nearest the 
lesion, resultmg in a pericycle several cells wide over 
xylem arms and phloem areas (Fig. 6-e). Some hy- 
pertrophy was evident in both pericycle and endo- 
dermis. 

At or near root apices, the presence of lesions re- 
9 


2). Mature 


elements of xylem and phloem were found close to the 


sulted in atypical root structure (Fig. 1. 


root tip, the rootcap was reduced to a few cells in 
depth, and branch roots arose very close to the apex. 
All of these observations indicate a general maturation 
of the entire root tip. 

Grape fruit roots injured by stubby root nematode. 
In contrast to the roots injured by sting nematode, the 
absence of lesions is distinctive in roots injured by the 
stubby root nematode, An injured area consisting of 
a few small rootcap cells with dense protoplasm was 
seen in the sections of one root. Otherwise, the stain- 
ing reaction and appearance of those cells appeared 
normal. 

Despite the absence of lesions, there was a_ pro- 
nounced effect on the root tissues. The maturation 
of tissues had progressed into the root tips (Fig. 4) 
as described by Rohde and Jenkins (11). In addition 
there was evidence of*stimulated division in the peri- 
cvcle cells. 

Discussion.— Rather high populations of the sting 
and stubby root nematodes have often been collected 
from the roots of diseased citrus in Florida. Symptoms 
obtained experimentally with picked populations very 
closely resembled those found on citrus in the field, 
and histological studies of the type of direct damage 
caused by these nematodes leave no doubt that they 
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are serious parasites of citrus. It is felt that these 
nematodes incite a disease that is different from the 
“spreading decline” attributed by Suit and DuCharme 
(13) to Radopholus similis Thorne, 1949. 

The size and depth of a lesion cavity formed by a 
sting nematode are probably determined by the length 
of time the nematode feeds there. The yellow color of 
the lesion in cultured roots, the ruptured cell walls, 
the coagulation of protoplasm, and the differential 
staining capacity of affected cell walls are abnormal 
conditions. These abnormal conditions indicate that 
some substances, probably enzymes contained in the 
secretions from the esophageal glands, affect cells and 
tissues beyond the point of mechanical injury. It might 
be conjectured that some of these substances affect the 
cell walls and ultimately alter the permeability of the 
plasma membrane, thus allowing solutes to move into 
the intercellular spaces, where they are available to the 
nematode. Obvious changes in the protoplast and cell 
wall are indicated by the altered staining. Such 
changes would not be evident if the middle lamella 
alone were affected and the cavity were created by 
separation of cells. 

The effect of the lesion on nearby parenchyma cells 
may be interpreted in at least two ways. It is possible 
that (esophageal gland) secretions affect the cells di- 
rectly at some distance from the lesion. Some of these 
substances may stimulate the cell division, while other 
substances may act directly on the cell wall and cause 
the changes indicated by the staining reaction. Another 
possibility is that a wound periderm is formed as a 
plant response to stimuli from the nematode. This 
would account: for both the cell division and the red- 
stained cell walls. 

An explanatien of the affected cells in the pericycle 
and endodermis above and below lesions is difficult 
without postulating the movement of some sort of 
stimulus. Whatever the stimulus is, it appears to be 
transported vertically in these tissues to a greater de- 
gree than in other tissues. 

Changes in the structure of citrus root tips as a result 
of a nearby feeding area could be largely explained by 
a cessation of meristematic activity with the continua- 
tion of other normal growth processes. Under such 
conditions, mature cells and branch reots would oc- 
cur closer to the root apex. Similar effects have been 
produced by synthetic growth regulators (5, 6, 12) 
and by one species of nematode (11). It is interesting 
to note that cell division apparently ceases at the 
apical meristem while being stimulated in other areas. 

From direct feeding observations and the location 
of the feeding areas in prepared sections, a feeding 
pattern may be proposed for the sting mematode. 


Though it is able to attack the apical meristem directly, 


it often penetrates slightly to the side and behind it, If 
the apex is not injured too severely, division may con- 
tinue for a short time and then gradually stop. This 
type of reaction would account for lesions near but 
not at the apices. On the least affected side, growth 


apparently continues, causing the root curvature as 





156 PHY TOPATHOLOGY 


observed in culture 

Lesions in the cortex at the base of the branch roots 
may have one of two possible origins. The more com- 
mon origin is probably from the nematode feeding in 
the ruptured cortical cells about the base of branch 
roots, which have already emerged from the cortex. 
Another possibility is that the nematode feeds on the 
young branch root as it emerges from the cortex, since 
lesions were also found at the apices of very young 
branch roots. Then. as the branch root grows, feeding 
may continue either in the main root cortex or in the 
branch root. 

In contrast to the feeding of sting nematode. it is 
difficult to say exactly where the stubby root nematode 
feeds. It is probably restricted to the root apex, and 
the greatest effect occurs in the meristematic region, 

Though the field and experimental observations were 
made on a previously undescribed host for these nema- 
todes. citrus. the severity of feeding damage was con- 
firmed by the histological study. It is felt that this 
study of citrus roots correlates well with the feeding 
observations for both these nematode species originally 
made on succulent roots (1).--Department of Plant 
Wisconsin Agricultural Experiment Sta- 


tion, University of Wisconsin. Madison. 


Pathology. 
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stVMiVARY 


potato X. tobacco 
cucumber mosaic. and 


Alfalfa mosaic, tobacco mosaic, 
ringspot, tobacco necrosis, 
pea enation mosaic viruses were transmitted by 
phenol-water extracts of diseased tissues. The in- 
fectivity of phenol-water extracts of the first four 
was always much less than with whole virus from 
the same amount of tissue. Similar extracts of pea 
enation mosaic 
whole virus in 2 of 3 experiments. The infectivity 


virus were more infectious than 
of phenol-water extracts of cucumber mosaic and 
tobacco necrosis viruses was about the same as that 
Apple 


mosaic, aster yellows. curly top, and strawberry mot- 


of whole virus from comparable tissues. 


tle were not transmitted by phenol-water extracts 


of diseased tissue 





Demonstration of the infectivity of tobacco mosaic 


acid (2. 4) and tobacco ringspot 


virus ribonuclei 
ribonucleic acid (6) has resulted in new emphasis on 


the role of nucleic acids in virus infections. To date. 


attention has been focused primarily on highly puri- 
fied virus preparations: relatively little consideration 
has been given to nucleic acids extracted directly 
from diseased plant tissues. Welkie (9) reported that 
phenol-water extracts of cucumber-mosaic-virus-in- 
fected tobacco tissues are infective. On the other hand, 
virus-infected animal tissues have received more at- 
tention, and phenol-water extracts of a number of 
virus-infected tissues have been found to be infective 
Ch, 3) 


extracts of plant tissues infected with other viruses 


Accordingly, it appears probable that phenol 


may also be infective. 
sibility. that 
might thus be transmitted. Tests of these hypotheses 


Furthermore, there is the pos- 
normally non-sap-transmissible viruses 
are described in this paper. 
Materials and methods. The plant tissues to be 
tested were placed in a mortar with 4 or more times 
their weight of a 1:1 mixture of water-saturated phenol 
and 1°; tetrasodium pyrophosphate solution, and were 
homogenized for about 5 minutes. All solutions and 
glassware were chilled before use. and the experiments 


were carried out in a cold room at 5°C. The result- 
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ing emulsion was then centrifuged 5 minutes at 6000 
rpm. The aqueous phase (containing the nucleic acid) 
was withdrawn and emulsified 2 more times with an 
equal volume of water-saturated phenol. Excess phenol 
was removed from the final aqueous phase by 3 ether 
and the 


the addition of 2 volumes of cold 95° 


washings, nucleic acid was precipitated by 
alcohol to one 
volume of aqueous phase. The precipitate was sedi- 
mented by centrifuging 10 minutes at 6500 rpm. and 
the pellet containing the nucleic acid was resuspended 


K.HPO,. 


oculum for appropriate greenhouse hosts. 


in cold 1% This material was used as in- 
Comparable 
K.HPO, served as the whole 


All inoculations were made by rubbing 


tissues ground in 1% 
virus controls. 
the inocula on carborundum-dusted leaves with a glass 
spatula, followed by washing with tap water. 


The above procedure was greatly simplified in some 
of the later experiments,, when it was discovered that 
the infectivity of the phenol-water extract was fre- 
quently greater if the tissues were given only the first 
phenol treatment and centrifugation and inoculations 
made immediately, without further purification. It is 
that third 


phenol treatments and the ether and alcohol steps de- 


recognized omission of the second and 
creased the purity of the final product and increased 
If small 


amounts of whole virus were carried over. this might 


the chances that whole virus was carried over. 


account for infectivity found in phenol preparations. 
As a precaution against such an eventuality. each case 


of positive transmission with a single phenol-water 


treatment was further verified by transmission with 


the complete phenol-ether-alcohol treatment. 
Results. 


extracts 


The results are shown in Table 1. Phenol- 
(both methods) of alfalfa 
potato X, ringspot, 


mosaic, 


water mosaic, to- 


bacco mosaic, tobacco tobacco 


necrosis, cucumber and pea enation mosaic 


viruses were infective. With the first four. the phenol- 
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water extracts were always very much less infective 


than the buffer extracts. 

On the other hand. there was some indication that 
phenol-water extracts of pea-enation-mosaic-infected 
In 2 


of 3 experiments the phenol-prepared inoculum re- 


tissues were as infective as the buffer extracts. 


sulted in more infected seedlings than did the un- 
treated (buffer extract) inoculum. In addition, phenol- 


water extracts of tobacco-necrosis- and cucumber- 


mosaic-virus-infected tissues were highly infectious, 


the former having about 75° of the infectivity of com- 
buffer The 


phenol-water cucumber-mosaic-virus-in- 


parable extracts. relative infectivity of 
extracts ol 
fected tissues was quite variable, the majority of the 
preparations having 0.5 to 5.0 times the infectivity of 


the controls. 


The ultraviolet absorption curves of preparations 
given the phenol-ether-aleohol treatment were charac- 
teristic for nucleic acid having a 260 my: 230 my ratio 
of about 2.0, and 260 my: 280 my ratio of about 2.0. 
These ratios are lower than those reported for the 
nucleic acids from highly purified viruses (2, 6), 
which suggests that some impurities were present in the 
nucleic acids used in this study. 

Discussion.— The 


preparations of 


relatively high infectivity of 


phenol-water cucumber mosaic, to- 


bacco necrosis, and pea enation mosaic viruses indi- 


cates that 
transmitted by the phenol method than by the buffer- 


certain viruses may be more readily 
extraction method normally used. Although infectivity 
was found in the phenol-water extracts of leaf tissues 
infected with a number of different viruses, there was 
no evidence of transmission of any virus not normally 
sap-transmissible. In 2 of 3 experiments, however, pea 
enation mosaic, which is sap-transmissible only with 
more readily transmitted by 


dificulty, was somewhat 


phenol-water extracts than by buffer extracts. 


No. of experiments 


Phenol-water Control 


TABLE q Ino ulations with phenol water extracts of diseased fissues 
Virus Source 
Alfalfa mosaic V. tabacum 
Alfalfa mosai V. tabacum 
Apple mosal V. tabacum 
Aster yellows® \. rustica 
Aster vellows \ rustica 
A te r vellows \ rustica 
Aster vellows \. rustica 
Cucumber mosaik \. tabacun 


Cucumber mosaic Cucumber 


Curly top® \V. rustica 
Curly top* Sugar beet 
Pea enation mosaic Pea 

Potato X \. tabacun 
Spotted wilt V. tabacun 
Strawberry mottle® Strawberry 
Tobacco mosalk \ tabacum 
Tobacco necrosis ( owpea 
Tobacco ringspot V. tabacum 


‘Not sap-transmissible. 
> Positive infection, 


e No in fe cnoion. 


Inoculated Host +! ‘ +b ‘ 
Pinto bean 2 2 
( owpea ] 
V. tabacum | | 
\ tabacum l l 
V. rustica ] l 
Squash l l 
Aster ] l 
( owpea 15 15 
( owpea | l 
\. tabacum ] l 
\ tabacum ] ] 
Pea , 3 
Gomphrena } 3 
( owpea 4 2 $ 
Strawberry ] l 
Pinto bean 2 2 
Cowpea > 9 
\. tabacum } 3 
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The reasons for the unusually high relative infectiv- 
ity of phenol-water preparations of cucumber mosaic. 
tobacco necrosis, and pea enation viruses are not 
clear. It is possible that the inhibitor present in to- 
bacco tissues infected with cucumber mosaic virus (8) 
reduces the infectivity of the whole virus inoculum so 
much that the phenol preparations appear as infective 
as the whole virus. A second possible explanation is 
that the intact virus is less infectious because of the 
“protein coat,” and that infection takes place more 
readily when this coat is removed (or possibly dam- 
aged). In this connection. Schramm and Engler (7) 
and Fraenkel-Conrat, Singer, and Veldee (3) reported 
quickly on Nicotiana 


that lesions more 


glutinosa leaves inoculated with tobacco mosaic virus 


appeal 


ribonucleic acid than on comparable leaves inoculated 


with whole tobacco mosaic virus.—Department of 


Plant Pathology. University of California, Berkeley. 
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stUMMARY 


Studies on the segregation of ascospore isolates 
of Cochliobolus indicate that compati- 
bility is controlled by a single major gene locus. 
Of the 489 isolates studied, 256 
belonged group 4A and 
group a. Isolates studied in ascus progenies also 
segregated 1:1 for compatibility. Variability in 
degree of compatibility among conidial isolates, as 
well as differences in backeross fertility of 
spore isolates, suggests that other genes, some of 
which function as incompatibility factors, influence 
the compatibility locus. It is postulated that the 
failure to determine the compatibility reaction of 
certain conidial isolates may be due to a complex 
compatibility locus or to the presence of additional 
incompatibility factors. The fact that the basic 
patterns of sexuality of C. carbonum, C. sativus and 
C. heterostrophus appear to be similar suggests 
that interspecific crosses of these species might be 
successful. 


carbonum 


MONnOascospor ic 


to compatibility 233 to 


a-CoO- 





Separation of species within a genus is the most 
logical culmination of any particular sequence in the 


evolution of fungi. Species of fungi are established 


morphological characters, but the 


on the basis of 


almost complete interspecific — sterility 


among related species demonstrates genetic differences 


presence of 


at 1 or more loci controlling the sexual processes. A 
determination of the genetic differences and genetic 
similarities in the sexual systems of closely related 
species should provide important information on the 
pattern and direction of evolutionary changes. 

It is a relatively simple matter. with notable ex- 
ceptions, to determine whether specific fungus species 
are homothallic or heterothallic. Sexual reproduction 
in heterothallic species requires fusion of nuclei from 
different thalli, but the genetic mechanisms condition- 
ing self-sterility and cross-fertility vary markedly. A 
genetic evaluation of the basic patterns of sexuality in 
related species can be established. and this should 
aid in predicting potentially successful interspecific 
crosses, a logical tool for a study of evolution. 

The genus Cochliobolus, in the Ascomycetes, in- 
cludes both heterothallic and homothallice 
Limited information on the basic pattern of sexuality 
is available for 3 of the heterothallic species. Com- 
patibility in Cochliobolus heterostrophus (Drechs.) 
Drechs. is controlled by a single major gene locus; 


monoconidial and monoascosporic isolates compose 2 


sper ; ies, 


distinct compatibility groups. designated A and a (2). 
Working with Cochliobolus sativus (Ite & Kurib.) 
Dreehs. ex Dastur, Tinline and Dickson (9) reported 
that mating types A and a appeared to be conditioned 
by an allelic gene pair. Luttrell (1) reported that 
conidial isolates of Cochliobolus nodulos Luttrell were 
almost equally divided between 2 sex-reaction groups. 
His results suggest that a single gene controls com- 
patibility. but analyses of ascospore progenies are 
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needed. The ascigerous stage of Helminthosporium 


carbonum Ullstrup was recently described (4) as 
Cochliobolus Nelson. It 
C. carbonum is heterothallic in that monoconidial and 


self-sterile and 


carbonum was shown that 


monoascospori isolates are cToOss- 
fertile (4). 


investigation of the pattern of 


Further research has been concerned 


with an sexuality of 
the s} ecles-. 


inheritance of 


particularly from the standpoint of the 
factors for compatibility, as well as 
with the nature and mechanism of variability in the 
degree of compatibility among isolates. The progress 
of those studies is reported herein. 

Materials and methods, — Nineteen monoconidial 
jsolates obtained from leaf lesions and infected ears 
of corn from North Carolina, Virginia, Georgia, Mis- 
souri. Texas. Indiana, and Maryland, and from Nicara- 
gua, Central America, were used in these studies. 

Mature perithecia of C. carbonum were produced 
when small pieces of mycelium of compatible isolates 
were placed on opposite sides of a section of sterile 
corn leaf placed in the center of a Petri plate con- 
The 


were sterilized by autoclaving 


taining Sach’s nutrient sections of corn 
leaf, about 144% in., 
for 1 hour. 
at 24°C. 


The following techniques were employed in deter- 


agar. 


All matings were incubated continuously 


mining the factors governing the inheritance of com- 


patibility. Cultures derived from. single 


were obtained from crosses of known compatible iso- 
Each 


sporic isolate thus obtained was mated to both parental 


ascospores 


lates, both conidial and ascosporic. monoasco- 


lines and to selected testor lines to determine its mating 


The segregation of isolates for mating re- 


action was determined for each cross. 


reactien. 

Matings were 

considered fertile if ascospores were produced. 
Results. 


sporic 


thirty-five monoasco- 
different 


mating reactions. 


Two hundred and 
conidi il 
The 
number of ascosporic isolates obtained from any single 
Of the total, 124 isolates 
were of 1 mating type, designated here as compatibility 
group A, and 111 of 
patibility group a. The segregation of isolates obtained 


isolates obtained from 7 


crosses were studied for their 
cross ranged from 19 to 66. 
the other, designated as com- 


from any | specific cross never deviated appreciably 
from a 1:1 ratio. 

Of 254 
different ascospore crosses, 132 helonged to compati- 


monoascosporic isolates obtained from 6 
bility group A and 122 to group a. The segregation of 
isolates obtained from all conidial and asco- 
{ and 233 a. 

Segregation for compatibility was also determined 
The 


were obtained from 5 conidial crosses involving 7 iso- 


a-( OSpor if 


sporic crosses totaled 256 


for 61 complete ascus progenies. ascus groups 


lates and from 5 ascospore matings involving 8 ise- 


lates, 


The asci aft c. carbonum contain ] 8 ascospores 


in a tightly coiled helix. and about 98°7 of them con- 


tain fewer than 7 ascospores. Ascospores frequently 


germinated poorly, and therefore it was impossible to 
obtain complete progenies from asci containing more 


than 6 ascospores. Segregations for compatibility in 


NELSON: GENETICS OF COMPATIBILITY IN COCHLIOBOLUS CARBONUM 159 


the ascus groups are listed in Table 1. The segrega- 
tion of ascosporic isolates of all progenies totaled 
104 a and 90 A. 

Concurrent studies on the mating reaction of the 
19 conidial isolates demonstrated that the heterothallic 
behavior of the species is further conditioned by other 
genetic factors. The 19 conidial isolates were mated 
separate tests. The com- 
patibility reactions of only 9 isolates, 5 A and 4 a, 
In all the tests, 


the 9 isolates exhibited complete intergroup fertility, 


in all possible pairs in 4 


were determined from these matings. 


in that the 5 A isolates produced fertile crosses when- 


ever paired with the 4 a isolates. The remaining 10 
isolates did not produce fertile perithecia in any of 
the conidial pairings. The 10 isolates were then paired, 
in 3 separate tests, with 8 A and 8 a ascospore isolates 
obtained from 8 crosses of compatible conidial isolates. 
t of the 10 previously 
unclassified isolates were found to be of compatibility 


As a result of these pairings, 
group a. In a series of subsequent tests, the remain- 
ing 6 isolates failed to produce perithecia in any pair- 
ings. The fact that these conidial isolates are identical 
morphologically with the classified isolates and exhibit 
identical pathogenic capabilities on selected lines of 
corn demonstrate that they are isolates of H. carbonum. 

The variability in degree of compatibility among 
conidial isolates suggests that additional genes directly 
influence the completion of the sexual process. Pre- 
liminary studies were made on the mating reaction of 
conidial 


Ascospores obtained from crosses of any 2 


ascospore progeny obtained from specific 


CTOSSE@S, 
of the 9 conidial isolates demonstrating complete inter- 
group fertility were backmated to the parental isolates. 


Similar backcrosses were made with ascospores ob- 


Paste 1.—Segregation for compatibility in complete ascus 


progenies of Cochliobolus carbonum 
No. cultures per 

ascus with indicated 
compatibility 


No. spores No. asci 


per ascus \ a studied 

] l 0 5 

0 | 1 

2 l ] 3 

0 2 } 

2 0 5 

3 0 3 9 

l 2 5 

2 ] } 

4 0 4 2 

] 3 3 

2 2 13 

} l 2 

1 0 l 

5) 2 3 ; 

] } ] 

6 2 1 l 

3 } 2 

} 2 l 

Total number of asci 61 


Tetal number of cultures with 
indicated 
compatibility 90 104 
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tained from crosses of the 4 a conidial isolates (not fer- 


tile with any A conidial isolates) and compatible asco- 


spore isolates. The percentages of tertile backcrosses 
were markedly higher in progenies derived from con- 
idial & conidial crosses than from conidial asco- 
spore matings. 

Discussion. Phe results of the studies on segrega- 
tion of ascospore isolates indicate that compatibility 
in C. carbonum is controlled by a single major gene 


locus. Thus, it appears thal compatibility in C. car- 


bonum is controlled in a manner similar to that. re- 


ported for C. sativus (9) and ¢ heterostrophus to) 


The differences in mati! reaction of conidial iso- 


lates, and differences in backcross fertility of ascospore 
isolates, demonstrate that other genes condition the 
gene locus for compatibility The additional genes 
probably represent incompatibility factors. [t is im 


portant to distinguish between compatibility and in- 


compatibility factors. In this regard, the author con 
curs with the views of Raper (8). who said that 
“incompatibility factors are those extra-sexual genetic 
determiners of mating capacity which operate either in 
addition to or in the absence of sexual factors.” It is 


evident that | or more incompatibility factors condi- 
tion sexual reproduction in C. carbonum, The fact 


that certain a conidial isolates are cross-sterile with 


but cross-fertile with A 


certain A conidial isolates 
ascospore isolates derived from crosses involving the 
1 conidial isolate demonstt ile-~ the presence ol other 
genetic factors 

Six of the 19 conidial isolates used in these studies 
remain unclassified for compatibility reaction, although 
each has been paired several times with the other 18 
conidial isolates and 16 ascospore isolates (8 4 and 
8 a) obtained from 8 different conidial crosses \t 
present, it is dificult to account for these failures. It 
genetic differences or genetic abnor 


is possible that 
malities exist at the compatibility locus. Such an ex 
planation would be of particular significance in view 
of the fact that one concept concerning the genetic 
origin of heterothallism postulates the presence of a 


compound compatibility locus , 6. 7, 10) 
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Finally. it is possible that additional incompatibility 
factors inhibit expression of the compatibility locus in 
the unclassified isolates. If so, these factors operate 
prior to plasmogamy since immature perithecia are 


seldom preduced in pairings involving unclassified 
isolates. and ascogenous hyphae are never produced, 
Further studies are in progress with these isolates and 
additional wild-type conidial isolates, in an attempt 
to obtain a more broad genetic base of the species. 

\ similarity in the basic pattern of sexuality of 
C. carbonum, C, sativus, and C. heterostrophus suggests 
that crosses between the species might be possible. 
Certainly. successful crosses are more probable than 
if the patterns were significantly different. It is obvious 
that the success of such interspecific matings would 
also be governed by the complexity of the incompati- 
bility North State 


Raleigh 


mechanisms. Carolina College, 
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most ot the seedling trees used. 


W ho supplied 


SUMMARY 
\ wilt disease that occurred on peach seedlings 
nutrient 
to be caused 


(Prunus persica, var. Lovell) growing In 


solution in a greenhouse was shown 


by a strain of Penicillium funiculosum. The wilt 
disease was favored by hot weather. The peach 
and 3 species of pear seedlings (Pyrus communis, 


P. ussuriensis, P. calleryana) susceptible ; 
Pyrus serotina, Prunus tomentosa, and sweet cherry 
(Prunus avium) slightly 


ble: several herbaceous plants were not susceptible. 


were 


seedlings were suscepti- 
The disease could also be 
culture-filtrates of the 


produc ed with ( ell-free 
fungus. 





1956. 3 
Batsch) 
growing individually in 2-gal. crocks filled with Hoag 
and died 4-5 

Three similar seedlings grow- 
cron ks filled 


ppm of arseni 


the 
Lovell peach seedlings (Prunus persica (L.) 


In greenhouse tests during spring of 


land's solution wilted davs after being 


placed in the solution. 
the 


containing 10 


ing at same time in with nutrient 


solution remained 


healthy. When the dead seedlings were replaced by 


fresh Lovell seedlings, these also wilted and died 
within 4-5 days. The same was true with a third 
series of seedlings. The 3 original seedlings growing 


in the solution containing arsenic finally showed typi- 


cal symptoms of systemic arsenic injury. but did not 
wilt in 2 months. Lovell seedlings in fresh Hoag- 
land’s solution wilted and died 10-12 days after the 


addition to each crock of about 100 ml of the nutrient 


solution in which 3 series of seedlings had succumbed. 
This evidence indicated that the wilting and dying 
of peach seedlings were not due to cultural practices, 


transplanting difficulties. or similar causes. Therefore. 


investigations on the possible importance of micro- 
organisms as the cause of wilting were initiated. The 
present paper summarizes the results. part of which 


have been presented in a preliminary report (1). 
Symptoms.— The condition manifested itself first in 
a slight wilting of apical leaves and bending of the 


Wilting later 
thin 


of branches (Fig. 1). 
Petioles 


extreme tips 


spread to lower leaves and branches 


began to shrivel. the latter assumed a grooved appeat 


ance. and the apical leaves dried up. The drving-up 


of leaves continued until all were affected (Fig. 2). 
the affected seed- 


lings disclosed a red or sometimes brown-red discolo”a- 


Examination of root systems of 


tion of feeder roots in early stages of the disease. 
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The discoloration spread to larger roots, often reach- 
The 


Growth of the root 


ing the crown during the final stages. nutrient 


solution also became red. system 
was stopped at an early stage of the disease 


The severe symptoms described, resulting in death 


of the plants, occurred only when air temperatures 
were above 30°C during the day. Wilted seedlings 


night or during cool, 
the 


overed during the 


No 


sometimes re 


cloudy days. detailed study was made of 
effect. of environmental conditions on the symptoms. 
Isolation. Roots from wilting seedlings were 


dipped in sterile water and ground in sterile mortars. 
Dilution series were prepared, and aliquots of the 
dilutions were plated on Difco potato-dextrose agar 
(PDA). 


Similar isolations were 


The plates were incubated at room tempera- 


ture. made from roots of seed- 





Fig. 1-2. 


cillium 


Symptoms of the wilt disease caused by Peni- 
Right: In Bartlett pear seedlings 
addition of a Penicillium culture to the nutri- 
Left: Control. 2) Left and right: In “Feench” 


pear seedlings 8 days after addition of Penicillium cultures 


funiculosum 1) 
t days after 
ent solution, 


to the nutrient solution. Left: Monoconidial culture added. 
Right: Transfer from original isolation added. Center: 
Control] 
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lings growing in solutions containing 10 ppm _ of 
arsenic (supplied as NasHAsO,-7H,O). 


examination of the 2 sets of plates did not reveal 


Microscopic 
organisms exclusive to one set of plates. However, a 
developed in the plates con- 
No red 
pigment was observed in the plates containing ground 
healthy 
produced red or 


red pigment regularly 
taining ground roots from wilting seedlings. 


Consequently, micro- 


pink 


roots from seedlings. 


organisms that pigments on 


PDA were selected for further investigation. They 
included 4 fungus cultures--P, and P., belonging to 
the genus Penicillium; F, and Fs, members of the 


genus Fusarium—-and 2 bacterial cultures, B, and By. 
The 6 isolates were grown at room 


flasks Difeo 


In this medium, mycelium 


Inoculations. 
temperature = in 
malt extract broth (MEB) 
of the P, isolate turned dark red and the medium itself 
None of the other 5 
isolates developed red MEB \fter 3 
weeks, about 100 ml of each culture was added to a 
2-gal. crock filled with Hoagland’s solution. in which 


Erlenmeyer containing 


soon assumed a dark red color. 


pigments im 


a Lovell pear h seedling had been growing for 9 days. 
Two seedlings were inoculated with each isolate. Four 
days later, the 2 seedlings inoculated with P, began 
to wilt. Both seedlings died within 10 days. The 
seedlings inoculated with the other 5 isolates remained 
healthy, as did 2 control plants. The experiment was 
repeated twice, with identical results. In each case, 
the symptoms were indistinguishable from those of 
the originally observed disease. 

Identifi sation. Monoconidial cultures of P, were 
prepared with a micromanipulator. 
to Dr. C. R. Benjamin (Northern Utilization Research 


and Development Division, ARS, Peoria, Illinois), who 


Some were sent 


identified the fungus as “a fairly typical strain of the 
species Penicillium funiculosum Thom.” 

Cultural studies.— Growth studies were made on 
1] media, of which PDA preved superior for vigorous 
growth of the fungus. 

Growth rates of the fungus on PDA were determined 
in Petri dishes in which were placed agar disks of 
Three dishes 
each were incubated at 4, 10, 15.5, 21, 26.5. 32. and 
38°C in incubators controlled to £0.5°C. After 10 
days, the respective average diameters of the cultures 
Thus 


the optimum temperature was near 32°. The mini- 


3-mm diameter, containing the fungus. 


were 0.0. 0.6. 2.5. 5.1. 5.8. 6.5. and 0.0 em. 


mum temperature was below 10° but above 4°, and 
the maximum temperature was below 38° but above 
32°C. 

The arsenic sensitivities of P, and P. were deter- 
mined by placing the fungi on PDA containing vary- 
ing concentrations of arsenic. The growth of P, was 
arrested by a concentration of 10 ppm of arsenic, but 
not by 5 ppm. The growth of P. was not perceptibly 
inhibited by 10 ppm of arsenic, Mycelium of Fis 
which had failed to grow in a medium containing 10 
ppm of arsenic. resumed growth when transferred to 
a medium devoid of arsenic. even after having been 
for 3 weeks. 


subjected to 10 ppm of arsenic 
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Susceptible plants.—The susceptibility of some 
plant species to the wilt disease was investigated by 
growing plants in Hoagland’s solution and adding cul. 
tures of P,; in MEB, as described above. In other 
cases, field-grown plants were dug up and the roots 
washed in distilled water and dipped in an aqueous 
suspension of fungus mycelium (grown in MEB and 
filtered ). 
filled with sterilized soil. 


The treated plants were planted in pots 
Control plants were simi- 
larly treated, but dipped in water only. 

Under environmental conditions favoring develop- 
ment of the wilt disease, seedlings of the following 
regularly wilted and died after being sub- 
jected to P,: 
communis L. 


spec ies 
Prunus persica (var. Lovell), Pyrus 
Bartlett) and 
calleryana Decne., Pyrus ussuriensis Maxim. Seedlings 


(var. “French”), Pyrus 


of Pyrus serotina Rehd.. Prunus tomentosa Thunb. 
and Prunus avium L. were only mildly affected when 
conditions favored the disease. No symptoms could be 
observed when peas, beans. soybeans, or cucumbers 
were subjected to the fungus. 

\ttempts were made to determine the susceptibility 
of larger trees. In one experiment, roots of pear trees 
(var. Red Bartlett) about 8-years old were exposed 
and enclosed in plastic bags containing cultures of 
MEB. The 

No effects 


the wilt-inducing Penicillium strain in 
roots were then lightly covered with soil. 
were observed in 42 days. 

In another test. culture-filtrates of the fungus were 
introduced into stems of orchard trees (var. 
Bartlett) 


were readily absorbed, but without observable effects. 


pear 
with Mauget plant feeders. The solutions 
Question of parasitism.— Microscopic examina- 
tion of pear and peach roots from wilting seedlings dis- 
closed no evidence of mycelium within the roots. No 
Penicillium species could be isolated from thoroughly 
surface-sterilized roots taken from wilting peach or 
pear seedlings. 

In 3 experiments, cultures in MEB of the  wilt- 
Penicillium filtered through 
The resulting filtrates were then 


inciting isolate were 
Biichner funnels. 
passed through Seitz filters equipped with sterilizing 
pads. The sterile filtrates were added to crocks filled 
with Hoagland’s solution, in which pear or peach seed- 
lings were growing. Other crocks, to which unused 
MEB was added. served as controls. Wilting con- 
sistently occurred with both kinds of seedlings when 
filtrates from P, cultures were added to the nutrient 
solution. How- 
ever, the disease resulting from the addition of cul- 
resulting 


Control seedlings remained healthy. 


ture-filtrates was always milder than that 
when both fungus mycelium and culture medium were 
added. Thus, the onset of wilting was slower, the 
leaves did not dry up, and the seedlings regularly 
recovered unless the culture-filtrates were added at 
frequent intervals. 

Discussion. The data reported leave little doubt 
that the isolated strain of Penicillium funiculosum was 
responsible for the observed wilting of peach seedlings. 
\ wilt disease with symptoms indistinguishable from 
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those of the original disease, could be produced with 
pure cultures of this organism. Furthermore, the iso- 
lated fungus produced a red pigment and was extraor- 
dinarily 
been postulated from observations with the original 


sensitive to arsenic in the medium, as had 


disease. 
Penicillium funiculosum is known to occur in soil 


(2. p. 131). Presumably, the fungus was carried into 
the greenhouse on the roots of the originally affected 
peach seedlings. To the authors’ knowledge, no 


Penicillium species has been reported as the cause of 


a wilt disease of plants. Whether the disease occurs 
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portion 


Jersey 


st MMARY 


Low levels of nystatin, an antifungal polyene 
were toxic’ to the spores of a Botrytis 
s}).. Diplodia tube rie ola. Vonitlinia fructt ola, and a 


Rhizopus sp. 


antibiotic, 


Dosages of 0.8-51.2 units ml were 
required for 0-100; inhibition of spore germination 
of the test response was non- 
linear except in the Rhizopus sp., with which a 
steep linear response was obtained. 


species. Dosage 
Nystatin was 
fungicidal to spores of the Botrytis sp. and M. 
fructicola, but fungistatie to spores ol the Rhizopus 
sp. The amount of nystatin removed from solution, 
and the rates of its removal by spores of Botrytis 
sp., M. fructicola, and Rhizopus sp., were small 
compared with those obtained with other toxicants 
About 66°) of the nystatin was removed in 3 hours. 
The amount accumulated by the spores, on a spore 
weight basis, was 320-430 times the concentration 
Nystatin inhibited aerobic 
respiration of spores of Botrytis sp. and M. fructi- 
cola, but had no such inhibitory effect on Rhizopus 
sp. spores. Glycolysis was not inhibited by nystatin 
in any of the test species, 


of the external solution. 


It is therefore suggested 
that the site of action of nystatin is in the oxidative 
portion of metabolism in these fungi. 


in the Kreb’s evcle. 


probably on 
an enzyme 





Introduction.— Nystatin (trade name “Mycosta- 
tin.” E. R. Squibb & Sons, New Brunswick, N. J.), an 
anti-fungal polyene antibiotic, contains a conjugated 
tetraene grouping. a diene unit. and a carbonyl and pri- 
mary amino group, and has an approximate molecular 
weight of 950 (6). It is effective against a wide variety 
of saprophytic and disease-producing fungi. Brown and 
Hazen (2) determined the minimal inhibiting concen- 
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naturally is unknown, but tests reported here indicate 
that larger trees may not be susceptible. The fungus 
appears not to be parasitic on the roots of affected 
State Col- 


Experiment 


plants, but produces a wilt-inducing toxin. 


Washington, Irrigation Station, 


lege of 


Prosser. 
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A Penicillium 
( Abstr.) 


ACTION OF NYSTATIN ON SOME FILAMENTOUS FUNGI 
\. Cappellini, and B. H. Davis 


tration for 36 fungi, including species in the genera 
{iterna-ia, As- 
{//e S¢ heria, 
Phoma. The _ effective 


growth-inhibiting amounts ranged from 1.95 to 62.5 


Candida, Microsporum, Trichophyton, 
pergillus, 


Fusarium, 


Vonosporium, Ceratostomella, 
Penicillium, and 


units ml for all the above fungi except Monosporium 
{llescheria boydii, which 
tively required 500 and 600 units ‘ml. 
al (15) found that 18 units/ml 
albicans. In in vitro tests (24) 


apiospermum and respec- 
Meyer-Rohn et 
inhibited Candida 
Endothia parasitica 
was inhibited by 20 units/ml, Botrytis cinerea by 40 
units ml, and Penicillium notatum by 100 units/ml. 
Natti (18) found that 100 ppm of nystatin or 12 ppm 
of actidione inhibited germination of Peronospora para- 
Schneider (21) showed that 20 ppm of 
nystatin inhibited mycelial growth of Ceratostomella 
ulmi 88°. and Endothia fagacearum 95°). Nystatin 


sitica spores, 


was fungistatic and not fungicidal to these organisms. 

Very little information is available on the mode of 
action of nystatin on filamentous fungi. The present 
investigation was undertaken to determine the effects 
uptake, 


Primary interest 


of nystatin on spore germination, antibiotic 
and respiration of filamentous fungi. 
was centered on the effect of nystatin on a Botrytis 
sp.. VM. fructicola, and a Rhizopus sp., organisms con- 
sidered 
(3, 4 
Effects of nystatin on spore germination.--A 
study of the effects of a fungicide on spore germination 


important in post-harvest diseases of fruits 


gives useful toxicological data. The data on inhibition 
of spore germination, when plotted against concentra- 
tion of toxicant on legarithmic-probability paper, yields 
the dosage-response (D-R) curve. The D-R curve gives 
the ED-». 


ating a compound's mode of action. The EDs» value 


slope, and curve-shape data used in evalu- 


is widely used in toxicological work as an index of 
toxicant potency. The slope of the D-R curve indicates 
the uniformity of response of the spore population to 
Slope and 
governed more by the compound than by the fungus 


(10. 14). 


Four types of curves have been observed when data 


the compound (10). curve 


shape are 
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TABLE l. Spore germination inhibition data of nystatin 
Rhizopus sp. 


| Vol. 50 


to Botrytis sp., Diplodia tubericola, Monilinia fructicola, and 


Av. 
Typ Dosage Slope Germination germination 

of ED. range? of D-R temper- Dosage (% of 

Organism® curve inits/ml) ppm (units ml) curve ature (°C) ratio control) 
VW. fructicola concave 6.9 1.1] 1.1-12.8 25 V2 95 
Botrytis sp. concave 1.6 0.8 1.1-12.8 25 V2 99 
Rhizopus sp. straight line Yh 0.4 1.6-4.0 18.1] 21 V2 80 
D. tubericola concave 17.0 5.0 0.8-51.2 25 2 96 


“Each organism received 0.5% 


orange juice as a stimulant. 


* Range of nystatin level for 0-100, inhibition of spore germination. 


on inhibition of spore germination are plotted on 
logarithmic-probability paper (14): a) simple straight 
line; b) double slope, curvature concave upward (J 
shape); c) double slope. curvature convex downward 
(reverse J); and d) triple slope or sigmoid curve. 
Determination of this type of information was con- 
sidered preliminary to studying the mode of action of 
nystatin. Therefore, the efficiency of nystatin in in- 
hibiting spore germination by 4 plant-disease-produc- 
ing fungi was determined 

Vethods and materials An isolate of Botrytis, ob- 
tained from a geranium leaf. and Rhizopus, an air 
contaminant, were grown on Difco potato-dextrose 
agar (PDA) at 25°C Vonilinia fructicola (Wint.) 
Honey and Diploidia tubericola (FE. & FE.) Taub., re- 
spectively obtained from a diseased peach and a dis- 
eased sweet potato, were respectively grown on Me- 


Callan’s PDA (14) at 21° and 25°¢ 


test fungi, following 7-12 days’ growth, were removed 


Spores of the 


from the agar surface with a rubber peliceman in a 
0.10% solution of Igepal CO-630 (nonyl phenoxy poly- 
oxyethylene ethanol, distributed by Antara Chemicals, 
a sales division of General Aniline and Film Corp.. 
New York City). 


through cheesecloth, washed once by centrifugation. 


The harvested spores were filtered 
and diluted in 0.5°% orange juice (1) to a concentra 
tion of 30-40 spores per low-power microscope field. 
The dosage ratios of nystatin used varied from \ 2 to 2. 
The potency of the nystatin used throughout this study 
was 2940 units/mg. The solvent used was methanol 
containing 2% CaCl... Spores of the Botrytis sp., D. 
tubericola, and M. fructicola were germinated = on 
slides in glass moist chambers in an incubator at 
ZG. Rhizopus sp spores were cerminated in a 
similar manner at 21°C 

In each test about 200 spores were counted per 
nystatin dilution; 5 replicate tests were made for each 
organism. A correction for potentially viable spores 
corrected per cent germina- 
100. control 


The D R curves were prepared 


was made as follows: 
tion = observed per cent germination 
per cent germination 
by plotting the percentage non-germination against 
the dosage on logarithmic-probability paper. Slope 
was determined according to the method of Gaddum 
(7) as discussed by Horsfall (10). 

Results and discussion The dosage-range of ny- 
inhibition of spore germi- 


statin required for 0-100¢ 


nation of the four test fungi was 0.8-51.2 units/ml 
(Table 1). Rhizopus sp. spores were very uniform 
in their response to nystatin, responding to a narrow 
dosage range of 1.6-4.0 units ml. D. tubericola spores 
were much more variable, requiring 0.8-51.2 units ml 
to obtain O-100° inhibition of spore germination, 
Botrytis sp. and M. fructicola spores were intermediate 
to the others. with a dosage range of 1.1—12.8 units 
mil. 

The D-R curves for Botrytis sp.. D. tubericola, and 
WV. fructicola are of the concave (J shape) type, 
whereas the curve for Rhizopus sp. is a straight line 
(Fig. 1-4). The J-shaped curves vary only in dosage 
range. MeCallan et al (14) found that in no case did 
both concave and convex curves result from the action 
of the same compound on different fungi; therefore 
it may be expected that D-R curves obtained for ny- 
statin against other fungi will be either concave or 
straight-line curves. 

Uptake of nystatin by fungus spores.— Up to 
the present, studies dealing with the uptake of fungi- 
cides by spores have involved inorganic and relatively 
simple organic compounds. On a spore weight basis, the 
dose of fungicide that fungus spores accumulate may be 
as high as 20,000 times the concentration of the applied 
solution. Uptake of 60-70°7 of the total amount of 
fungicide available may occur in less than one minute 
(16). No information has been noted regarding anti- 
hiotic uptake by fungus spores. This study on nystatin 
was carried out on spores of 3 fungi to determine the 
rate of uptake. the dose received, and the toxicity on 
a spore weight basis. 

Vethods and materials.—Botrytis sp., M. fructicola, 
and Rhizopus sp. were grown and incubated, and spore 
suspensions prepared as outlined under spore germi- 
nation tests. The spore suspensions were adjusted 
with distilled water to contain a concentration of 20 
mg of spores (fresh weight) per ml. The number of 
spores required to give 20 mg was determined for each 
species by multiplying the average volume of 100 
spores by 1.1, the density of the spores (17). Volumes 
of the spores were obtained from Turrell’s tables of 
surfaces and volumes (22) (Table 2). 

One ml of spore suspension was added to 10 ml of 
three different nystatin solutions having final concen- 
trations of nystatin of 191.0, 143.0, and 95.5 units/ml. 
\ control tube was prepared by adding 1 ml of spore 
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2) Botrytis sp.; 3) Rhizopus sp.; 4) Diplodia tubericola, 


to 10 ml of distilled water. The 


were kept in suspension by periodic shaking of the 


suspension spores 
tubes throughout the 3-hour exposure period. Two-ml 


portions were removed after 5, 45, and 180 minutes of 


initial and the supernatant concentrations respresents 
the ot the To 
determine whether nystatin was fungicidal or fungi- 


amount nystatin removed by spores. 


static, the spores removed from suspension by centrifu- 


spore exposure to nystatin, and centrifuged 3 minutes gation were immediately washed in distilled water, 
to remove the spores. The amount of nystatin remain- recentrifuged, diluted in 0.1°% filtered orange juice, 
ing in the supernatant solution was determined by and the viability of the spores was determined as 
agar diffusion assay. The difference between the described under the spore germination tests. 
Taste 2.-Spore shape, size and weight of Botrytis sp., Monilinia fructicola, and Rhizopus sp 

Average Weight of 10% Spores per 
Organism Spore shape spore size (yu) spores (mg) 20 mg (millions) 
Botrytis sp. Prolate spheroid 10.4 * 9.1 0.196 ).4 
Rhizopus sp Prolate spheroid 13.8 « 11.9 1.099 18.2 
VU fructicola Prolate spheroid 15.0 95 0.796 925.0 
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TasLe 3.—The 


pus Sp., 


amount 
and its 


Nyst 

( I entr 

Organism nits 
VW. fructicola 19] 

| 

y 

0 
Rhizopus sp. 191.0 
143.0 

‘ 
5.5 
Botrytis sp. LYL oO 
143.0 
Y> ) 

0 


Data represent an a 
The agar diffusior 
K) units/ml are detecte: 


Results and discussior 


nystatin is removed fro 
and about another 1/3 
of exposure { Fable 3 

Twenty mg of Bot? 
pus sp. adsorbe 
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amount of 
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m 


take was observed when 
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types of spores remo 


of nystatin during « 


20 mg of Botrytis sp. spor 


face area, 
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LO minutes, and ano 


minutes, 
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fry 
Some ] 


removed by 


Comparable amounts 


Sixty to seventy 


available nvystatin 


nystatin reme 


they removed 
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Vonilinia fructicola, and Rhizo- 


nystatin removed" “> non-germination after 
expos ire for exposure tor 
Next Next 
10 min 135 min. > min, 15 min, 180 min 
1.2 58! 60 8 96 
7) 28 38 77 94 
8.4 14 36 64 84 
0 0 0 0 0 
2.6 50) 14 7 0 
2.0 23.7 } } 0 
2.1 20 0 0 0 
0 0 0 0 0 
2.6 s0.4 ) 50 71 
| 4.2 5 15 68 
2 18.8 ] 8) 50 
0 Q 0 0 0 
ide at sepal ite times, 
is not accurate below 40 units/ml. ‘Therefore, whenever fewer than 
statin taken up by the spores is unknown. 
ivailable tively higher molecular weight, or by a lower affinity 


of the spores for nystatin. 

\s the length of exposure to nystatin increased, the 
percentage of ungerminated spores of Botrytis sp. and 
WV. fructicola also increased. Rhizopus sp. spores were 
and including 


Washing the 


Rhizopus spores with distilled water and diluting them 


an exception; exposure times up to 


> hours did not affect their germination. 
‘, orange juice allowed germination to proceed 
indicates that 
On the other hand, 
Botrytis 


in 0.5 


normally. This observation nystatin is 


fungistatic to Rhizopus sp. spores. 
nystatin was fungicidal to M. fruecticola and 
=p. spores, 

marked the dosages 


of fungicide received by the 


Miller et al 16 


‘ 


toxicity is the 


Since there are differences in 


spores of various fungi, 


said that the proper expression of 


inhibitory concentration of chemical 


accumulated by spores. not the concentration of the 


external solution that inhibits. They reported that the 


dose of chemical accumulated by spores. on a spore 


basis. is many times the concentration of the 


external solution. For example, the degree of accumu- 


2-heptadeeyl-2-imidazoline could be as high 


is 2000-fold. 


lation of 


is 10.000-fold or more. and silver as high 


When the concentrations of nystatin used in the uptake 


experiment are expressed on the basis of parts per 


million spore weight, the amount of nystatin accumu- 


v/a and Botrvtis sp. spore weight basis. 


Spores or a 


Nvst itin 


(ppm of spore weight) 


dose (mount taken up 


possible after 180 minutes non-germination 
17.500 13.800 06 
13,200 9.500 94 
8.800 5.150 84 
17.500 11,500 71 
13.200 9.130 68 
8.800 5.110 0 
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carbon dioxide production of spores of 


VMonilinia fructicola and Rhizopus sp. 


tion and 


Botr vfis Sp., 


Nystatin vs. Nystatin vs. 


5- MONILINIA FRUCTICOLA 









*- CONTROL 
o- 75 UNIT S/ML 
13-0 








©. consumption CO) production I50b 
Organism inits ml «lh O, 2 hr inits ‘ml wl CO, 2 hr 
" Ww ” 
W. fructicola 0 272 0 53 WW 
75 55 5 2 - I30F 
7.9 53 7.0 54 = a 
13.0 192 12.2 30 < 
26.0 127 24.5 Ki) = HOF 
52.0 52 19.0 we) 
104.0 4 98.0 34 = 
157.0 6 196.0 3] ee: 90+ 
210.0 6 a 
Botr sp. ao on 0 ; ~ p - 
ar?) on Pe) * ] WwW a 
iw 348 7.0 47 ‘a 70 
3 97-9 »»” ) — 
1 0 272 12 - a 
26.0 193 29.5 9 oO 
2.0 154 19.0 ¥ we 50 
104.0 136 98.0 17 O a 
210.0 108 196.0 18 s 
Rhizopu S| 0 rs] 0 8D 30Fr 
75 8Y 5 85 
7.5 79 0 4 ‘@ 
13.0 80 12.2 82 
26.0 80 23.5 9] 1OF 
92.0 78 19.0 88 
104.0 84 98.0 $2 
210.0 80 196.0 86 
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RATE OF OXYGEN UPTAKE 


6- BOTRYTIS SP 








lated by Botrytis sp. and M. fructicola spores was 320 90F *- CONTROL 
$30 times the concentration of the external solution , re BS Seed nae 
a ee 
(Table 4). *-2100 e 
[he toxicity of nvystatin to WM. fructicola is com- 70F 
parable to that of silver, which required an accumula- a 
tion of 360-fold the concentration of the external 
: } : Qr¢ 9 50 - 
solution (1.04 ppm) to obtain 82% inhibition of 20 Ww 
meg of spores (16). lJ aa 
. . . ‘ . a = e 
Effect of nystatin on aerobic respiration and > 30F 
glycolysis.— Nystatin markedly inhibits yeast growth = 
¥ = a . bam 
and metabolism (9, 11, 20). The exact mode of action - L 
is unknown, but it has been postulated (11) that o 10 
nystatin’s inhibitory action is on an enzyme in the na 
anaerobic portion of glucose utilization. Although w 
nystatin inhibits the growth of filamentous fungi, in- a 7- RHIZOPUS SP 
formation is meager on its effect on fungus metabolism. “M 
Lampen et al (11) reported that aerobic respiration — 90/+ 
of Penicillium chrysogenum is substantially decreased oO Ea con eiee 
. -_* : _ a- | / 
by 30 units/ml. Nystatin’s effect on the glycolysis of 4 o- 52 Ne TS/Mt 
“ree S: oe «= 
filamentous fungi is not reported. The site of action _— TOF 
of nystatin in these fungi may be the same as, o1 = les 
different from, that in yeasts. The following experi- 50 | 
ments on the effect of nystatin on oxygen consump- 
tion and carbon dioxide production were carried out er 
20F 


—— L 


Fig. 5- Effect of nvystatin on the rat of oxvgen con | 
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to determine the general location of nvystatin’s action 
in certain filamentous fungi. 
Vethods and materials.-Conventional manometric 


) 


techniques (23 effect of 


anaerobic gas 


were used to measure the 


nystatin on and 


production by Botrytis sp.. M. 


oxygen consumption 
fructicola, and Rhizo- 
C in Warburg 


».0 ml and an air-gas 


pus sp. Respiration was measured at 30 


flasks using a reat 


phase. Carbon dioxide was absorbed with 20 


tion volume of 
potas- 
hydroxide. Po obtain anaerobic conditions for 


flasks 


pre-purified nitrogen for 20 


sium 
shaking. were flushed with 
The 


data presented represent the mean value of two experi- 


glycolysis the while 


minutes metabolic 
ments conducted at different times. 

The vias 
Fac h 


weight) of 


exchange measured 2-hour 
flask contained 1 ml (20 mg 
suspension, | ml of pH 4 


hydroxide-potassium-phthalate buffer. 0.5 ml of 


Wds over a 


period. fresh 
3 sodium- 


I0% 


spore 


sucrose, and 0.1 ml distilled water in the reaction com- 
partment, and 0.2 ml of 20°) potassium hydroxide in 
the center well. Nystatin (0.2 ml) was added from a 
side arm at zero time 

Results and discussion Nystatin inhibited oxygen 
consumption of spores of M. fructicola and Botrytis 
sp. but had no effect on spores of Rhizopus sp. at the 
concentrations used in this study (Table 5). Except 
for a few pee uliarities in the response of WV. fructicola 
to various levels of nystatin, the metabolism of the 


spores of VW. fructicola and Botrytis sp. was affected in 


a manner similar to that observed in Saccharomyces 


cereviseae by Lampen et al (11). The addition of 
nystatin causes an initial burst of metabolie activity. 
followed by a sharp drop in respiration. Oxygen con 


sumption by W. fructicola spores was brought to a 
stop within 90 minutes by relatively low (7.5 units ml) 
and moderately high (52.0 units ml) levels of nystatin. 
Concentrations between these two levels reduced respi- 
ration to 247 of that of the control (Fig. 5). Botrytis 
sp. (metabolism) reacted to nystatin in the expected 
manner. Increasing amounts of nystatin decreased the 


respiration rate proportionately. Respiration of Botry- 
tis sp. was much less affected by nystatin than was that 
of M. fructicola (Fig. 6 

It is reported that nystatin inhibits anaerobic gas 
The anaerobic gas (CO. ) 
this 


nystatin ml 


production of yeasts (1] 
study was un- 
(Table 5). 
nystatin’s inhibiting action 
that in 


nvystatin 


production of the 3 fungi used in 
affected by 3.75-196.0 units of 
indicating that the site of 
different in 


According to 


from 
CLE}. 


portion of the 


may be filamentous fungi 


yeasts. Lampen et al 


suppresses an enzyme in the anaerobic 


Embden-Meyerhof-Parnas (EMP) scheme of glucose 
catabolism. Since CO. production by the fungi used 
in this study was unaffected by nystatin, the site of 
inhibition in these fungi appears to be located in the 


glucose catabolism, possibly an 


Kreb’s evele 
Nystatin did not affect O 
tion of Rhizopus sp. 


aerobic cycle of 
enzyme in the 
uptake or CO. produe- 
Fable 5, Fig. 7). 


given for this phenome- 
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spore ~ 


possible explanations may he 
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non. In the study of uptake of nystatin by fungus 
spores, it was found that nystaiin may be weakly ad- 
sorbed on the Rhizopus spores and not absorbed at 


all. If 


escapes inhibition because the nystatin fails to enter 


this is true, respiration of Rhizopus spores 


Bacteria and resistant yeast strains are 


unaffected by 


insensitive sugar 


the spores, 
nystatin. presumably because of their 


(Et). 


have a system of this nature that allows 


utilizing system 


Rhizopus sp. 
spores may 
the spores to escape nystatin’s inhibiting power. 

The depression of O. consumption and CO, produc- 
toxicity of fungicides, is ap- 
parently debatable (5. 8, 10, 12. 13, 19). 
that germination do not 
press Oj consumption. a fact that was shown to occur 
Although nystatin inhibited the 
germination of Rhizopus sp., it did not affect O. con- 
sumption and CO. production, Therefore, it is unwise 


tion. as a measure of the 


Fungicides 


suppress spore always re- 


in this study. spore 


to use repression of metabolic activity as the sole 


vardstick in evaluating 
of Plant 
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any Department 


The State 
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Pathology. Rutgers University. 
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sUMMARY 

strain of 
grown In a 
The partly 


Antibiotic B74 was preduced by a 
Stre] isolate B74. 
shaken liquid soybean meal medium. 


a procedure in- 


fomyvces LTISCUS, 
purified product was obtained by 
volving acid precipitation and solvent fractionation. 
antibiotic was demon- 
using the cul- 


activity of the 
strated in detached tomato leaflets, 
purified preparations 


Svstemi¢ 


ture centrifugates or partly 
action in intact tomato plants was also 
tests with the early blight 
significant reduction of leaf 


Systemic 
noted in greenhouse 
disease: a statistically 
lesions resulted in most of the tests in which the 
antibiotic was applied on a portion of the plant 
other than that inoculated. 
protectant action in tomato early blight greenhouse 
tests. In agar-streak tests, complete inhibition end 


plant-pathogeni 


The antibiotic also had 


points of the antibiotic for 15 
fungi ranged from 0.031 arbitrary unit per ml to 
higher than 8 units per ml, the highest concentra- 
tion tested, The 4 plant-pathogenic bacteria tested 


showed high resistance to the antibiotic. 





In a search for antifungal antibiotics that act svys- 


temically' in plants (7), about 40,000 actinomycete 


colonies from 81 soil samples, mostly from Wisconsin 
woodlands, screened for antibiotic 


were production 


in an agar medium by a method (9) that favored the 
growth of actinomycetes and reduced interference by 
soil fungi. Two hundred and fourteen actinomycete 
isolates inhibitory in vitro to 5 plant-pathogenic fungi 
were obtained. Following this step in the screening 
procedure, others were: 1) Culture centrifugates of 
161 of the isolates grown in a liquid soybean-meal 
shaken flasks 


against Glomerella 
Spauld. & Schrenk in agar diffusion assays and against 


medium in were tested for antibiotic 


activity cingulata  (Stonem.) 


{/ternaria solani (Ell. & G. Martin) Sor. in spore 
germination tests. 2) Active culture centrifugates 
of 103 isolates were tested by a leaf-strip method. 
Strips of tomato (Bonny Best variety) leaflets were 
placed on Petri plates on agar containing culture 


centrifugates and were later spray-inoculated on the 


upper surfaces with 4. solani. Selection of isolates for 
further screening was based on relative phytotoxicity 
of the centrifugates and reduction in the number of 
blight leaflet 
Centrifugates of the 10 most promising isolates were 
tested for detached-leaf test 


(8). The base (proximal) halves of detached tomato 


early lesions on the treated strips. 3) 


systemic action with a 
leaflets were placed in covered aluminum plates on 


agar containing culture centrifugates, with the tip 
(distal) leaflets 


were incubated, and then spray-inoculated on the upper 


halves on plain water agar. The 


There is the question of what one should call a chemi 
cal that acts internally in the plant to prevent or cure dis- 
For the present work the term “systemic” is preferred 
even though the material may not be carried to all parts 
of the plant, or even though it may control disease through 


eases 


indirect action. 
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Taste 1.—Fractionation procedure for antibiotic B74 and data for an example run 
Total Units 
activity per mg. Recovery 
Step Treatment Fraction tested in units dry wt. Purity* (%) 
l Fermented medium, pH 8.2 (1000 ml), ad- Fermented medium — 15,500 0.7 
justed to pH $0 with H.SO,; centrifuged. 
Clear centrifugate discarded. Centrifugate 0 
2 Sediment extracted successively 4 times with 
di-ethyl ether (200 ml, in 4 equal portions) ; 
centrifuged, Aqueous layer and sediment 
discarded Aqueous layer 0 
a Ether extract (660 oncentrated to red 
dish brown syrup ( nl) under reduced 
pressure. Ether extract 14.520 19.1 99 9} 
} Syrup taken up with ethanol (13 ml). In- 
active black precipitate | 1 cc) discarded. Precipitate 280 
5 Ethanol solution cooled (-15°C); filtered Precipitate 636 
through fine filter paper. Inactive precipitate 
discarded. Activity in dark brown ethanol 
solution (16.4 ml) Ethanol solution 13.120 85.0 130 85 
‘Number of times as pure as the fermented medium; dry weight basis. 


"Partly purified antibiotic B74 


surfaces with A. solani. Early blight reduction on the 
tip halves, parts that were not in contact with the 
toxicant agar, was used as the criterion for detecting 
systemic activity. 

On the basis of the results from these screening 
procedures, isolate B74 appeared to be promising lor 
further detailed studies. The B74 culture centrifugates 
were indicated to contain one or more diffusible anti- 
hiotics that could be detected by an agar diffusion 
assay, completely inhibited the germination of f. 
solani spores, and substantially reduced the early 
blight disease in 3 leaf-strip tests and 3 detached-leaf 
tests. Phytotoxic effects of the material were observed 
in these tests, but they were relatively mild. A tenta- 
tive name, antibiotic B74, was given to the material 
produced by isolate B74. The organism was identified 
as a strain of Streptomyces griseus (Krainsky emend. 
Waksman et al) Waksman et al. Details of some of 
the above studies have appeared elsewhere (7). The 
present paper reports only the results of the studies 
on fractionation and on certain in vitro and in vivo 
biological activity of the antibiotic. 

Partial purification of antibiotie B74. /’r0 
duction and assay._—To obtain antibiotic B74 for various 
studies, isolate B74 was grown in the shaken liquid 
soybean-meal medium of Stessel, Leben, and Keitt (6). 
One-liter Erlenmeyer flasks, each containing 200 ml 
of medium, or 4-liter Erlenmeyer flasks. each contain- 
ing 1 liter of medium, were used in production of the 
antibiotic. One ml of an antifoam preparation (4) 
was added to reduce foaming when 4-liter flasks were 
used. Flasks were shaken on a reciprocal shaker 
making 65 cycles per minute with a 15.3-cm stroke 
and a 28-cm radius. All fermentations were carried 
out at 26°C. 

The inoculum for the flasks was prepared as follows. 
Spores of isolate B74 were taken from 9-—14-day-old 


cultures that had been grown on veast extract glucose 


agar medium (per liter: yeast extract, 2 g: glucose, 





10 g; CaCOs, 1.5 g; agar, 17 g). They were suspended 
in 50 ml of sterile distilled water to give a heavy sus- 
pension permitting 40-507 light transmission with 
a 530 my yellow-green filter on a Lumetron photo- 
electric colorimeter (model 400-A, Photovolt Corpo- 
ration, New York, N. Y.). Five ml of spore suspension 
was used for inoculating 200 ml of medium, and 20 
ml for 1 liter of medium. 

Flasks were harvested after a 4-7-day fermentation 
period, which brought a change in pH of the medium 
from 7.0 to 7.9-8.4. The organism produced a flaky 
growth in the liquid medium, and cultures had a 
characteristic foul odor in 2-3 days. Antibiotic pro- 
duction of 10-20 arbitrary units (a unit is defined 
below) per ml of fermented medium was found at 
harvest time. 

Estimation of antibiotic potency was made by an 
agar diffusion assay employing G. cingulata as the 
assay organism (3, 4). Blotting paper dises (6 mm in 
diameter), saturated with the antibiotic preparations 
in 80-100°% ethanol, were placed on seeded agar in 
large assay plates (3). The diameters of the inhibition 
zones were measured after incubation of 36-48 hours 
at 26°C. Average diameter was obtained from 3 repli- 
cate discs. An ethanol solution of a partly purified 
preparation of the antibiotic was designated the stand- 
ard. It was arbitrarily assigned the potency of 8 units. 
Each time an assay was run, concentrations of 8, 4, 2. 
and | units per ml of the standard were tested. One 
unit per ml usually produced inhibition zones 20-22 
mm in diameter. The potency of a given test prepa- 
ration was determined by reference to a dosage-re- 
sponse curve drawn on the basis of the inhibition 
zones produced by different known concentrations of 


Culture broth or preparations carried in solvents other 
than ethanol were diluted 1:4 in ethanol for assay. Ethanol 
solutions of various preparations were assayed in 100% 
ethanol carrier. These variations in the carrier did not 
materially affect the assay. 
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Fig. 1. A) The materials and their arrangement in the detached-leaf test. The upper pan (light color) contained th 
plain water agar; the lower pan (dark color) contained the antibiotic agar. The base halves of the detached tomato 
leaflets were in contact with the agar and the tip halves supported in the air by the aluminum bars. The 12 lateral leaflets 
used in each test were from 3 leaves, each coming from a different plant. The 3 leaflets in each of the quadrants (indi- 


cated by broken lines) served as replicates. Each leaflet in a given quadrant was from a different leaf, and was there 
fore genetically and physiologically identical with the corresponding leaflets in the other 3 quadrants. After incubation, 
eaflets were transferred in the same order to a water agar plate, and the 6 leaflets in the right half were spray-inocu- 
d with A. solani. The 4 quadrants represent 4 treatments: Cl control-uninoculated, Tl treated-uninoculated, 
Cl ontrol-inoculated, Tl treated-inoculated. B) Systemic action of antibiotic B74 (culture centrifugate, 4 units per 
in a treated-inoculated (TI) detached tomato leaflet (lower leaflet) ; the upper leaflet was an inoculated control (CI). 

The 3 ire was taken 4 days after inoculation. €) Same as B, except that partly purified antibiotic was used 
the standard preparation assayed on the same assay _ tivity of the partly purified material as well as of the 
plate. Dosage-response curves for the standard and crude culture centrifugate was tested with a detached 
test preparations, when within certain concentration leaf technique in 3 trials. The method was in general 
ranges, were usually parallel and were straight-line the same as that used in the screening procedure, except 
functions of the log of the antibiotic concentration. that it was modified to increase the transpiration rate 
With some preparations. edges of inhibition zones were in the tip half of the leaflet by supporting this half 
not sharply defined and often included a 0.5—l-mm- in the air instead of having it in contact with water 
wide area of sparse growth of the assay organism agar. Details of the method follow. Also see Fig. 1-A. 
Measurement. of the inhibition Zone incl ided this In a leveled aluminum plate (| 25 ecm) with 
sparse growl area, 1 glass plate sealed inside at the bottom (3), 2 small 
Partial purification-—In preliminary experiments aluminum pans (0.6 * 6 * 33cm) were placed. Ninety 
it was found that when fermented medium was centri to 100 ml of 1°) water agar was poured into one pan, 
fuged. a large amount (about 30-50 of the active ind the same medium plus the antibiotic material was 
material was found in the sediment (including cells poured into the other. The agar surface was about 
of the organisn is well as in the centrifugate. The 1 mm below the pan rim top. Two aluminum bars 
active material was completely pre nitated from the (0.6 0.8 33cem) were each placed about 3 cm 
centrifugate by adjusting the pH of the fermented from the edge of the pan, as in Fig. 1-A. The 
medium to 3.0-3.5 with H.SO,. The active material plate can be thought of as divided into 4 quadrants: 
was insoluble in water, but could be extracted with CU. Cl. TU, and TI (see legend of Fig. 1-A). Twelve 
Various organic solvents (e.g.. di-ethyl ether, ethanol. lateral tomato leaflets’ were detached with a razor 
methyl acetate, ethyl acetate. acetone, petroleum ether ) blade and placed immediately with lower (dorsal) 
from the acidified sediment. With the aid of the assay surtace down in the plate The base halves of the 
i solvent fractionation procedure was developed. Partly leaflets were in contact with the agar (plain water agar 
purified preparations represented a maximum of 130- or antibiotic agar): efforts were made to have the 
fold purification as compared with the fermented cut petiolule ends submerged in agar. The tip halves 
medium, and recovery of as high as 85°% was attained were supported in the air by the aluminum bars. The 

The steps and data for an example fractionation run 

ire given in Table 1. Tomato plants 4.5—-6 weeks old were used. Because of 
Biological activity of antibiotic B74.—De incase thine ane Gia a, We a ee oe 


tached leaf test for systemic action.—The systemic ac- depending on the age of the plant 
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T ABLE v9 Reductior of early 


Per cent reduction 


Culture centrifugate of isolate 
8 units ml 65 4 
Incubation ; Treated lip Treated 
condition Tria half half half 
| 
Dark, cover closed = 
I! 80 l 63 
| i) x0) 63 
Dark, = i 62 4 81 
| ti 1) 15> 
Light, cover closed T 2 13 5 
I 
Light, cover open T 64 = vA 


* The amount of disease 
pared with the disease on 
dicates locally systemic 
halves through systemic action of the antibiotic, 
178212; on tip halves, 188-224. In trial H, on base halves, 


79 


178; on tip halves, 164-273 
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ight on detached tomato leaflets resulting trom systemic action of antibiotic B74 


in A. solani lesions" 


B74 Partly purified antibiotic B74 
units ml 8 units ml — 4 units ml 
lip Treated Tip Treated Tip 
half lrial half half half half 
Ill 98 65 
1 
1h 
se Il 9] 12 8Y 16 
1 
= Il 98 18 
bi 
Il 92 as) 83 13 


on 3 leaflets, the base halves of which were placed on agar containing the antibiotic, was com- 

control leaflets, using plate shown in Fig. 1-A, 
ction, and that in the “tip half” column indicates that the disease was reduced in the untreated 
Ranges of lesion numbers on 3 control leaflets: 


\ reduction in the “treated half” column in- 


In trial I, on base halves, 
125: on tip halves, 54-152. In trial III, on base halves, 87 


» The partly purified preparation used in these tests contained 13.3 units per mg. 


3 replicate leaflets in each of the 4 quadrants were 


from 3 different leaves of 3 different plants. 


glass slightly larger than the large 


\ piece ot 


aluminum plate was used as a cover. The assembly 


” 


was incubated at 26-28 °C for 48 hours. Influences of 
air movement or light on systemic action during incu- 
bation were studied. For noting effects of light, the 
“light” plate was placed 100 em from a fluorescent 
light source, receiving a light intensity of 65-70 ft-c. 
The “dark” plate was placed in the vicinity of the 
“light” 
the “dark” plates were shaded with black paper on 


plate ind was otherwise the same except that 


the glass cover. For studying the effects of air move- 
ment inside the plate. the glass cover of the “open” 
plate was supported by wooden sticks and was about 
5 mm above the plate rim. For the “closed” plate the 
glass cover was placed directly on the plate edges. 
After the 48-hour incubation period. during which 
time the leaflets were exposed to the control or the 
toxicant agar, the 12 leaflets were transferred to a 
water agar plate (400 ml of 1 agar in the aluminum 
in the same order as they 
were on the original plate. The 6 leaflets in the left 
half of the plate (quadrants CU and TU) were then 
sprayed with sterile distilled water. and those in the 


right half (quadrants Cl and TI) 


plate. as described earlier)! 


were spray-inocu- 
lated with a spore suspension of 4. solani of known 
\ compressed air atomizer was used. 
and after 4 


ind the degree of early 


concentration. 
The plate was then reincubated at 26°C. 
days the data on phytotoxic ity 
blight infection (number and size of lesions. chlorosis 
and water-soaking) were recorded 

Phytotoxicity was assessed by comparing the con- 


dition of leaflets on the CU and TU quadrants, Sys- 


it afl ts to the 


inoculation was found wo be necessary in order to secure 


| } 


‘Transfer of water agar plate betore 


heavy and uniform infection on the control-inoculated 


leaflets. 


temic action was assessed by comparing the degree of 
halves of Cl and TI leaflets. 
If there was a reduction of disease in TI leaflets, the 


infection on the tip 


interpretation was that the antibiotic was taken into 
the leaflets by the lower surfaces of the base halves 
or by the cut ends of the petiolules of the treated 
leaflets, 
halves. 


lessening the degree of infection in the tip 
If there was less disease on the base halves 
of the TI leaflets, “locally systemic” action was assumed 
to have taken place. 

Data on per cent reduction in 4. solani lesion num- 
bers on 3 half-leaflets resulting from antibiotic B74 
treatments are given in Table 2. Substantial reduction 
in lesion number (30-737) and or size on tip halves 
of leaflets was obtained in 17 of the 18 test plates in 
the 3 trials (Fig. 1-B, C). Reduction was greater (up 
to 98°, ) on the base halves of the treated leaflets, 
However, no incubation procedure proved consistently 
better than the others. Also. there was little correla- 
tion between antibiotic concentration and the degree 
of disease reduction. It was further noted that the 
degree of phytotoxicity and of disease reduction varied 
given toxicant 


among the 3 replicate leaflets on a 


medium. It is thought. therefore, that the condition of 
individual leaflets in contact with the toxicant agar 
was the primary factor governing antibiotic uptake in 
each test; air movement and light appeared to be 
secondary factors. 

Greenhouse tests for systemic action. Antibiotic 
B74, both in partly purified form and in the culture 
centrifugate. was further tested for systemie action 
under greenhouse conditions on intact tomato plants. 
lest material was applied to one area of the plant, 
and, after a period, untreated parts of the plant were 
spray-inoculated with 4. solani. Reduction of the early 


blight disease on untreated portions of the plant was 


used as the criterion for systemic action. The antibiotic 
was carried in phosphate buffer (0.01M, pH 6). 


(on- 
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trol plants received the same treatment except that 
the antibiotic was omitted from the buffer. Application 
ef the antibiotic to tomato plants was by means of 
“paper pad” and “leaf absorption” methods. There 
were 4 trials with each method. 
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paper pad tests, 24 units per ml caused slight necrosis 
around the needle holes. 

Greenhouse tests for protectant action.—The pro- 
tectant action of a partly purified preparation con- 
taining 18.4 units per mg was studied under green- 


7 1) Paper pad method.—Four holes were made by house conditions with the early blight disease of 
needle thrusts on each of 3 internodes, between the tomato. The modification by Leben and Keitt (1) 
Ind and the Sth leaves. on stems of tomato plants with of MeCallan and Wellman’s methods (5) was used. 
7-10 leaves. Two layers of absorbent paper tissue. The ethanol preparation of the antibiotic was diluted 
16 5 & 15m, were saturated with about 12-15 ml of the with distilled water to give 0.5-8.0 units per ml, and 
antibiotic preparation. The tissues were wrapped the pH of each concentration was adjusted to 6.0 
xround the stem portions where needle thrusts had with 1V NaOH or 1V H.SO,. Control spray was the 
been made and further covered with aluminum foil same except ethanol replaced the antibiotic prepara- 
13 to reduce evaporation. tion. Four tomato plants, 15-20 em tall, were used 
2) Leaf absorption method.The upper surfaces for each treatment in each of the 3 trials. 
m of the 3 lower leaves. the 2nd. 3rd. and 4th of plants Average lesion number for each treatment was deter- 
n- with 9-10 leaves. were spraved with antibiotic prepa- mined from lesion counts made on the 3rd. 4th, and 
— rations. Spraying was stopped at the point of run-off. Sth leaves. Dosage-response curves were prepared by 
7 Care was taken not to have antibiotic preparations plotting on logarithmic-probability paper the percen- 
sprayed onto 3 upper leaves. the Sth. 6h. and 7th. tage disease control given by the various concentra- 
which were later inoculated tions. In the 3 trials, the average ED” value was 
After treatment. the plants were put in the green- 1498 we per mi (range 380-652), and the average 
o house for 2 days. The upper surfaces of 3 leaves on ED*” was 27 ng per ml (range 9-49), 
"6 each plant (the 3rd. 4th, and Sth leaves in paper pad The partly purified preparation used in these experi- 
he tests. and Sth, 6th. and 7th in leaf absorption tests) ments contained only 18.4 units per mg. The purest 
to were then spray-inoculated with a known concentration preparation thus far obtained contained 181.8 units 
es of a spore suspension of 4. solani. After suitable moist) per mg. Thus. much lower ED readings could very 
‘d chamber treatments. 4. solani lesion numbers were — likely be obtained by using a purer antibiotic prepa- 
ip counted on the 3 inoculated leaves of both control and — ration. 
= treated plants. Concentrations of the antibiotic used {ntimicrobial activity in vitro.To obtain infor- 
d and data from the 4 trials with each method are given mation on the biological spectrum of the antibiotic and 
in Table 3 its relative strength, the in vitro effects of partly puri- 
s Early blight reduction was noted. although the — fied antibiotic B74 on a number of plant pathogens 
} results in the 4 trials with each method were not con- — were studied, employing a modification of the agar 
n sistent. Disease was reduced in all 18 tests and the streak method (2). Fourfold dilutions of the antibiotic 
. reductions were significant at the 5°) level in 10 of — preparation (13.3 units per mg) in ethanol were in- 
n these tests. The irregular response is believed to have corporated into agar media, which were maintained 
P resulted from variations in greenhouse conditions that at pH 6 with phosphate buffer (final concentrations: 
in could not be controlled with the facilities available buffer, 0.01M; antibiotic, 0.002-8.0 units per ml) 
y Antibiotic B74 was not phytoetoxic to tomato foliage Fifteen plant-pathogenic fungi and 4 plant-pathogenic 
‘ at the concentrations used in leaf absorption tests. In bacteria were included in the test. 
= Tance 3.—Reduction of early ight on tomato plants resultng from systemic action of antibiotic B74 
; Antibiotic B74 reduction in lesion numbers * 
: Units Trial = 
Method of testing Form per ml ] 2 , 4 
Paper pad method Culture centrifugate > 6 92 
10-12 64 1" 
Partly purified! 12 if 20" 23 
24 y Sh 
Leaf absorption method Culture centrifugate > 6 62°" 14 
10-12 80* yo 
Partly purified 6 3) 29 12 
12 5° 4 5 


‘Five plants were used for each treatment, except in trial 1 of each method of testing, where 3 plants were used 


Lesic » counts were obtained from 3 inoculated but untreated leaves on each plant Ave rage numbers of A. solani lesions 
per control plant in trials 1, 2, 3, and 4 were respectively 121, 586, 1161, and 1139 when paper pad method of testing was 
used: and respectively 212, 1062, 240, and 802 when leaf absorption method was used. Asterisks designate significant 


differences from the control at the 0.05 level of probability, One-tailed t test was used in calculating the LSD values, 


The partly purified antibiotic preparations, 13.3 to 85.6 units per mg 
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The growth ot nearly ull the fungi was inhibited to 
some extent by the antiobiotic; many were completely 
inhibited. The 


amounts of the antibiotic that completely inhibited 


inhibition end points. the smallest 


macroscopic growth, were 0.031 unit pet ml for 
Endoconidiophora fagacearum Bretz; 0.125 unit per ml 
for A. solani, Colletotrichum circinans ( Berk.) Vogl., 
Phoma lingam (Tode ex. F1 Desm.. and Septoria 
glycines Hemmi: 0.5 unit per ml for Mycosphaerella 
pinodes (Berk. & Blox.) Stone. Pythium debaryanum 
Hesse, and Verticillium albo-atrum Reinke & Berth.; 
{scochyta pinodella LL. K. Jones 
Wilts.; 8.0 


lindemuthianum (Sacce. 


2.0 units per ml for 
and Stemphyllium sarcinaeforme (Cav.) 
units per ml for Colletotrichum 
& Magn.) Briosi & Cayv., 


um oxysporum Schlecht. f 


and G. cingulata. For Fusari- 
copersict Sace., F. oxy 
sporum Schlecht. f. niveum (E. F. Sm.) Snyd. & Hans., 
Meehan & Murphy. 
8.0 units per ml, the highest concentration used, did 


and Helminthosporium § victoriae 


not inhibit growth completely, though partial inhibi- 


tion was observed. The 4 plant-pathogenic bacteria 


tested showed high resistance to the antibiotic (on 
centration of 8.0 units per ml was required for com- 
plete inhibition of the growth of Erwinia caratovora 
(L. R. Jones) Holland and Pseudomonas tabaci (Wolf 
& Foster) F. L. 


tumefaciens (EF. F. Sm. & Towns.) Conn. and Xanth- 


Stevens Phe erowth ot {grobacterium 
omonas phaseoli (EF. F. Sm Dows. was not affected 
by the antibiotic at this concentration, 

Discussion. Antibiotiv 
small degree of antibacterial activity. 


B74. though exhibiting a 
Is considered to 
be primarily antifungal in nature. The antibiotic has 
not vet been identified. For this reason. it has not 
been given a more suitable name. From a comparison 
of its known chemical and biological properties with 
those of other known antifungal antibiotics. antibiotic 
B74 does not resemble endomycin, filipin, gliotoxin 
griseofulvin. musarin. mvcelin. mveothricin. pimaricin 
rimocidin. rotaventin. or thiolutin. Preliminary chrom 


atographic analyses of a partly purified preparation of 


antibiotic B74 showed that it was not one of the fol- 
lowing 12 antifungal antibiotics: anisomvein. ascosin. 
candicidin, cycloheximide. fradicin, fungichromin. 


oligomyein, and 
intimvein A, \ 


more detailed study. howe vel will hye necessary to de 


fungicidin, glutinosin, helixin B & ¢ 
trichomycin, but had similarities to 


termine the relationsh 1) Studies are now bein 


| Vol. 50 


tinued on further purification and the chemical and 
physical properties of antibiotic B74. 

In this present study a material having systemic 
properties has been discovered as a result of a train 
of screening procedures aimed at finding soil organ- 
isms that produce systemic antifungal antibiotics, 
Consequently, it would seem likely that with such 
methods, as they are or as they may evolve. other syste- 
mic antibiotics can also be found. The presently 
reported detached-leaf method has many advantages 
over methods where intact whole plants are used, and 
is especially useful in a screening program. It enables 
substantial savings in plant materials, and thus in 
space and labor. and would allow tests to be carried 
out under a uniform and standardized set of condi- 
tions. It is suggested that the variability within and 
between test plants can be dealt with by using enough 
leaves or leaflets chosen by appropriate, standardized 
Department of Plant Pathology, Univer- 
sity of Wisconsin, Madison. 


procedures. 
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sUMMARY 


Purified preparations of clover mosaic virus contain 


15% nitrogen, 0.50 > phosphorus, and 5°% ribonucleic 
acid. The ratios of the bases in the ribonucleic acid 
are: guanine. 0.59: adenine, 1.19: cytosine, 1.05: 
uracil, 1.17. The virus particle is a flexuous rod of 


SHOWS a 
point is pH 4.5, 


zero 


distribution of lengths 


The jsoelectri 


diameter 15020 A; 
peak at 4800 A. 
the sedimentation coefhcient at 
112 Svedberg units. 


and 
concentration is 





\ virus with biological propertie s similar to pea wilt 
virus (5) was isolated from clover plants in New Zea- 
(4). This 


physic al and chemical properties. 


land by Fry paper describes some of its 


Purification of virus.—Clover mosaic virus was 


obtained from two sources. A subculture of the virus 


used by Fry (4) was grown in the Greenfeast variety of 
pea plants in the glasshouse. Other preparations were 
naturally infected field-grown red clover, 


made from 


When 


were diluted to the starting volume they 


preparations made by the following methods 
had infectivi- 
ties similar to the original extracts. 

Purification from peas.—-Frozen plants were minced 
and the sap was expressed after thawing. Subsequent 
manipulations were carried out at room temperature. 
The fiber was blended with a volume of 0.1M KoHPO, 
equal to that of the sap, and the extract was mixed 
with the sap and clarified by centrifuging 10 minutes 
at 8000 (MSE High-Speed Centrifuge). Three 


) 


cycles of sedimentation (39,000 rpm tor 75 minutes in 


rpm 


the Spinco model L preparative ultracentrifuge No. 40 
rotor). followed by resuspension in distilled water and 
clarification as above, gave a pale green preparation. 
Further purification, by precipitation with half vol- 
ume of saturated ammonium sulphate, or adjustment 
to pH £5 with LV acetic acid, 


[he green contamination could also be removed 


gave colorless prepara- 
tions, 
without appreciable loss of virus by centrifugation for 
2 minutes at 30,000 rpm in the No. 40 rotor. 

Freshly 


was ground into an equal volume of 0.1 Na,HPO, 


Purification from clover. harvested clover 
in an end-runner mill. This and all subsequent steps 
out at 4°C. The resultant slurry 
filtered through a basket centrifuge lined with What- 


man 3MM paper. and clarified by centrifuging for 20 


were carried was 


minutes at 20,000 rpm in the Spinco No. 30 rotor. The 


? 


virus was then purified by 3 
the first in the No. 30 rotor at 30,000 rpm for 90 min 


stages of sedimentation. 


ia 


a. G. Grogan, and J. W. Lyttleton 


utes, and the other stages in the No. 40 rotor at 40,000 
rpm for 50 minutes. Each stage was followed by resus- 
pension of the pellet in phosphate buffer, pH 7.5, 
0.05M, and clarification in the No. 40 rotor at 25,000 
rpm for 10 minutes. The final product was faintly 
green. 

Ultracentrifugal examination.— Examination in 
the analytical ultracentrifuge of cell sap obtained from 
clover plants that-showed obvious symptoms of virus 
infection revealed a rapidly sedimenting 
that the 


plants. from 


component 


was not present in sap of symptomless 


Similarly, the sap leaves of uninfected 
pea seedlings showed no peak corresponding to that 
of the virus. 

A solution of virus prepared from clover by three 
stages of preparative centrifugation showed only a 
single, very sharp peak on examination in the ana- 
lytical ultracentrifuge. The sedimentation coefficient. 
determined in phosphate buffer, pH 7.5, ionic strength 
0.2, increased with decreasing virus concentration; and 
on correction to the standard solvent density and vis- 


cosity of water at 20° gave an extrapolated value of 


112 Svedberg units at zero concentration, A prepara- 
tion of virus from peas gave the same extrapolated 


-edimentation coefficient. 

Ultracentrifugal examination of the fractions pro- 
duced at various stages of the purification of the virus 
revealed the following points: 1) Three stages of sedi- 
mentation were 


necessary to remove the normal leaf 


proteins, Fractions | and If (10). 2) If water instead 


of phosphate buffer was used for resuspending the 
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Fig. 2. Clover mosaic virus (28,000) purified from red 


clover sap by ultracentrifugation (electron micrograph pre 
pared by Mr. W. Bertaud, Dominion Physical Laboratory, 
Department of Scientific and Industrial Research, Welling 
ton, New Zealand). 


pellets of virus. the normal nucleoproteins of the leaf 

(7) remained as contaminants even after 3 stages of 
sedimentation. 3) A single stage of salt precipitation 
with ammonium sulphate (50°, saturated) or sodium 
sulphate (18° w ov) would concentrate the virus and 
remove the normal nucleoproteins. This. however, led 
to some aggregation of the virus, and the aggregated 
form sedimented as an inhomogeneous component 
ahead of the virus peak in the analytical ultracentri- 
fuge. In the electrophoresis apparatus the aggregated 
and unaggregated virus migrated together 

Electrophoretic analysis,.-Just as with ultra. 
centrifugal analysis, examination in the moving bound- 
ary electrophoresis apparatus of dialyzed cell sap from 
infected clover plants revealed the presence of a com- 
ponent that was not observed in sap from healthy 
plants. Its mobility in phosphate buffer, pH 7.5. ionic 
strength 0.1. was closely similar to that of the puri- 
fied virus, which showed a single component on elec- 
trophoresis. 

The effect of pH on mobility was determined with 
a series of buffers. all ionic strength 0.1. The results 
are given in Fig. 1. At and above pH 6, the buffers 
contained KH,PO, and NasHPO,: below pul 6 they 
contained acetic acid and sodium acetate. Below the 
isoelectric point at pH 4.5, the virus in solution is in 
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Fig. 3. Distribution of particle lengths of clover mosaic 
Virtis. 


the form of a gel, and satisfactory observation of the 


electrophoretic mobility requires very low current 
density and a low rate of migration. 

Size and shape of the virus. ~The flocculent 
“H™-type precipitate obtained with antiserum. the phe- 
nomenon of anisotropy of flow exhibited by purified 
preparations. and the extremely sharp boundaries ob- 
served in the analytical ultracentrifuge all suggest that 
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Fig. 4. Absorption spectra of clover mosaic virus and 
RNA preparations, 
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the virus particle is rod shaped. On standing for sev- 
eral days at 0°C, virus preparations may separate into 
two layers, the lower of which is spontaneously bire- 
fringent. The electron micrograph (Fig. 2) shows that 
the particle is a rod of diameter 150+20 A. The dis- 
tribution of particle lengths (Fig. 3) shows a peak at 
1800 A accounting for 42% of the reds and 75° of the 
total virus material. Minor peaks occur at approxi- 
mately one third and two thirds this length. The ma- 
Jor peak corresponds to the normal length of white 
clover mosaic virus given by Brandes and Wetter (2). 
The rod is slightly flexuous. less rigid than the tobacco 
mosaic rod but more rigid than some other rod-shaped 
viruses, such as potato viruses X and Y. 

Composition of the virus.——Analyses were made 
on solutions containing a known dry weight of virus 
Nitrogen was determined by a microkjeldahl tech- 
nique. and pentose identified by the method of Militzer 
(9), Phosphorus was determined by the method of 
Allen (1) modified as described by Markham (8). 
Estimation of ribonucleotides released by alkaline hy 
drolysis was by the chromatographic methods of Mark- 
ham and Smith. summarized by Markham (8). using 
the isopropanol-ammonia solvent. The proportion of 
the bases in the ribonucleic acid (RNA) was estimated 
by hydrolysis of virus in 1V HC] (100°C. for one hour) 
and chromatography in the isopropanol-HC1 solvent 
(8) 

The ultraviolet absorption spectrum of the virus is 
given in Fig. 2. The reaction for pentose was strongly 
positive, and nitrogen analysis of two preparations 
gave 14.3 and 15.6 
0.51 and 0.52° 
RNA. From analysis of the ribonucleotides the per- 


Phosphorus was determined as 


corresponding to 4.9 and 5.0° of 


centages of RNA were 5.0 and 5.2% for these prepara- 


tions. Base analvses gave the following ratios: guanine 
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0.58. 0.61; adenine 1.21, 1.17; cytosine 1.06, 1.04; 
uracil 1.15, 1.18. RNA was prepared by heating virus 
5 minutes at 95°C in 0.14M NaCl at pH 7.0, followed 
by precipitation with two volumes of 95° ethanol. 
Although the yield was only 25°, the RNA was of 
reasonable purity, as shown by the spectrum in Fig. 4. 

These results show that clover mosaic virus has an 
RNA content similar to that of the rod-shaped viruses 
tobacco mosaic and potato X, but the ratio of bases in 
the RNA differs from both of these. The clover virus 
has a lower purine-to-pyrimidine ratio, 0.8, than either 
PMV, 1.23 (6). or potato X, 1.27 (3). The difference 
is mainly due to the lower proportion of guanine in 


the clover virus. 
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It has been reported (1) that Jonathan and De- 
licious apple trees were sus¢ eptible to the oak wilt 
fungus, Ceratocystis fagacearum (Bretz) Hunt (2). 
Eight additional apple varieties were tested in 1958, 
using 30 year-old trees. These were inoculated by 
placing | ml of inoculum containing about 10° conidia 
into each of 4 equally placed chisel cuts made around 
the trunk about | ft. from the ground. The following 
varieties were inoculated on June 30: MeIntosh, Rome. 
Baldwin, Delicious. Stayman. Jonathan. Golden De- 
licious, York Imperial. Cortland. and Grimes Golden 


Wilt symptoms appeared as early as July 16 on Bald- 
win and Jonathan trees. On 5 other varieties, wilt 
was apparent 7 days later. All varieties had severe 
wilt by July 28 except Cortland and Grimes Golden, 
which remained wilt-free throughout the summer. 
Discoloration of xylem and wilting generally occurred 
first in the lower portion of the tree and progressed 
acropetally; whereas in infected red oaks, symptoms 
usually appear first in the terminal portions of the tree 
and progress basipetally. The pathogen was recovered 
from discolored xylem of all wilted trees. In the case 
of Cortland and Grimes Golden the xylem was dis- 
colored only a short distance from the point of inocula- 
tion: the pathogen was recovered sparingly from Cort- 
land and never from Grimes Golden. These 2 apple 
varieties appear to be highly resistant to C. fagacearum. 
Since no varieties or species of oak are known to be 
resistant to this pathogen, apple may be useful as a 
research tool for further investigations of the nature 
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of resistance to the oak wilt disease.—Department of 
Botany and Plant Pathology, The Ohio Agricultural 
Experiment Station, Wooster. 
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MECHANISM OF ACCUMULATION OF 
MELOIDOGYNE INCOGNITA ACRITA AROUND 
TOMATO SEEDLINGS 


B. F. Lownsbery and D. R. Viglierchio 


There is ample evidence that plant-parasitic nema- 
todes accumulate around the roots of their host plants 
(s.. Ba Following the method of Wieser (6), the 
writers have observed such accumulation of Meloido- 
gyne incognita acrita Chitwood 1949 around tomato 
roots. The experiments reported here were designed 
to discover whether this accumulation was 1) a 
response to an agent emanating from the germinating 
seed and effective beyond the seedling surface, or 
2) whether it resulted from random movement, fol- 
lowed by detention as a result of a seedling surface 
property. 

Materials and methods. Larvae of V. incognita 
acrita were hatched from egg masses (2). Seedlings 
of Rutgers tomato were obtained by incubating seeds 
3 days at 25°C on moist filter paper. 

The experiments were conducted in dishes devised 
from cut-down plastic drinking glasses (Fig. 1). 
Straps were cut from the discarded tops of the plastic 
glasses, and holes were punched at their midway 
points. Ends of the straps were softened in acetone, 
and then bent over and against the sides of the dishes. 

The bottom of each dish was covered with about 
5 ce of silica sand (99.35 SiO..). Sand grain size 
was such that the sand would pass through a screen 
with 0.589-mm openings. and 18°) of it would pass 
through a screen with 0.147-mm openings. Enough 


Y) germinated tomato 
seed 
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Fig. 1. Side and top views of apparatus used io test for 
a response by WV. incognita acrita to an agent emanating 


from tomato roots (approximately “4 size). 


TaBLe 1.—Wean number of larvae of Meloidogyne incog- 
nita acrita recovered from seedling and control sides 
of dishes in which a dialytic membrane is interposed 
between seedling and larval source 


Seedling Control LSD 


side side (99:1) 
First experiment (24 replicates) 87 10 55 
Second experiment (24 replicates) 68 28 36 


distilled water was added to saturate the sand. A 
dialytic membrane, with a hole at its center, was 
placed on the wet sand. This membrane was viscose- 
process regenerated cellulose manufactured by the 
Visking Co. Its average pore size was 24 angstroms. 

Glass cones were made by heating and _ pulling 
Pyrex tubing, and sectioning with a diamond-edged 
saw. The cones, nearly filled with sand, were sup- 
ported by the plastic strips at the center of the dish 
so that the tips of the cones projected through the 
dialytic membrane into the sand beneath (Fig. 1). 
The visible passage of water from the wet sand below 
to the sand in the cone provided assurance that there 
was a continuous film of water from cone to dish. 

Two narrow strips of sand were laid on top of the 
dialytic membrane, on opposite sides of the center 
hole and 5 mm from it. A plastic ring had been placed 
around the center hole to prevent a sand connection 
between sand strips and center hole. A germinated 
tomato seed was placed on one of the sand strips at 
the 5-mm distance from the center. After 24 hours’ 
incubation at 25 C this tomato seedling was replaced 
by a freshly germinated tomato seed. Then a 0.01-ml 
distilled water suspension containing about 500 larvae 
of M. incognita acrita was pipetted onto the sand in 
the glass cone. After another 24-hour incubation at 
25°C, glass cones, seals, dialytic membranes, and 
seedlings were removed. The sand in the bottoms of 
the dishes was divided into two halves: 1) that which 
had been on the seedling side, and 2) that on the 
opposite side. Larvae of M. incognita crita were ex- 
tracted from the sand by the Baermann funnel method 
(1). with an extraction period of 3 days at room 
temperature. 

Results and coneclusions.——Significantly more lar- 
vae were recovered from sand from the seedling side 
of the dishes than from the sand from the opposite 
side (Table 1). Because the dialytic membrane pre- 
vented the larvae from reaching the seedling, the writers 
conclude that accumulation of M. incognita acrita 
around germinating tomato seeds is, in part, a re- 
sponse to a dialyzable agent or agents emanating from 
the germinating seed and effective beyond the seedling 
surface. The authors have already reported a similar 
response by Meloidogyne hapla Chitwood (4). The 
present data are quantitative confirmation of observa- 
tions by Peacock (5) for M. incognita-—Department 
of Plant Nematology, University of California, Davis. 
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SOME OBSERVATIONS ON ERWINIA TRACHEI- 
PHILA, THE CAUSAL AGENT OF THE 
CUCURBIT WILT 


Walter H. Burkholder 


Considerable misinformation exists among plant 
pathologists concerning the habits of Erwinia trachei- 
phila (E. F. Sm.) Holland, the cause of the wilt of 
cucurbits. In frequent requests for a culture of the 
pathogen, I am informed by the writer of the request 
that he is aware that the bacterium is difficult to iso- 
late and keep viable in culture; also that it loses its 
virulence readily. None of these statements is al- 
together correct. 

True, the investigator cannot isolate the pathogen 
by the usual dilution plate method. Smith (3) pointed 
out this fact and thought that the difficulty was due 
to the viscosity of the bacteria. The slime in which 
the bacteria are imbedded, he said, “does not dissolve 
readily in water, hence failure may occur in making 
poured plates.” This explanation hardly appears 
satisfactory, but no more plausible reason has yet been 
offered. \ not-too-dificult method of isolating the 
pathogen, first suggested by Smith, is the use of the 
cobweb-like threads of the bacteria that are evident 
when an infected stem is cut into two sections, placed 
together again, and gently pulled apart. The threads 
of bacteria may be extended several inches between 
the cut sections. When this procedure is conducted 
under aseptic conditions, the thread may be removed 
with a sterile needle and placed in a tube of broth. 
If the thread does not become contaminated, E. trachet- 
phila produces a light cloudy growth in the broth in 
several days. If the broth becomes turbid, the presence 
of a contaminant is more than probable. When a 
pure broth culture of the pathogen is streaked on a 
solid medium. colonies of the pathogen appear along 
the streak in 3-4 days. The colonies are small, circu- 
lar, hyaline. smooth, and frequently viscid. Mr. J. 
Dias, working in my laboratory, démonstrated a fur- 
ther method of isolation that I have used with success. 
The stem of an infected plant is disinfested and cut 


under aseptic conditions. A sterile needle is inserted 
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into the vascular tissue of the cut end of the stem; 
the needle is removed and streaked over an agar 
surface in a tube or plate, which is allowed to incu- 
bate. Colonies arise on the streak in 3-4 days. If 
any colonies of a contaminant appear among those of 
the pathogen, they may be easily avoided by trans- 
ferring the pathogen to a fresh tube. 

After the pathogen is once in culture, it may be 
kept viable for many years without many transfers. 
In 1951 the writer obtained 6 isolates of E. trachei- 
phila in culture by the first method described above. 
The method used in 
keeping the pathogens is as follows. The bacteria are 
streaked on nutrient agar slants and allowed to grow 
4-5 days. The culture is then flooded with sterile 
milk and after a week is placed in an incubating 
chamber at 12°C. If the pathogen is transferred di- 
rectly to milk, it is difficult to determine whether or 


Five of them are still in use. 


not it is growing, since the milk shows no change 
except a stringiness, and then only after 3-4 months. 
If transferred first to agar, the growth is readily de- 
tected. All 6 of the isolates have remained viable for 
3-4 months under these conditions. Four have re- 
mained viable for 6 months, and in one instance 2 
were viable at the end of a year. There thus appears 
to be some variation in the ability of the isolates to 
survive for various periods. This ability has not been 
correlated with other characters of the bacteria. 

There were some differences in the virulences of 
the 6 isolates, as noted by Rand and Enlows (2). 
This difference was not great among these 6 isolates, 
and the virulence was not lost or appreciably di- 
minished at the end of the 8-year period they have 
been grown. The cultures have not been lyophilized 
in this laboratory, so I have no information on their 
action under such conditions. 

E. tracheiphila \oses its viability very readily on 
various agars at room temperature. Smith (3) at- 
tributed this loss to sensitivity to acid. On nutrient 
agar without a sugar, no acid is formed, and yet the 
pathogen may die in a relatively short period. The 
loss of viability on agar is accompanied by a rapid 
change in the morphology of the cells, and a final 
disintegration of the bacteria. In a 48-hour-old cul- 
ture on nutrient agar. cells vary in length from 1 4 
to 2.5 4 or longer. Their diameter is usually about 
0.6 u. The long cells thus appear very slender. After 
1-5 days many of the cells in a colony or streak 
are coccoid, with a diameter of 1.5 py. In 7 days the 
round cells may average 25-75% of all the cells, and 
in 2 weeks but few rods remain. The percentage of 
coccus forms, however, appears to vary with the iso- 
late. The rods stain a deep red with carbol fuchsin, 
but the round cells take only a slight stain, if any. 
When congo red is used as a negative stain, the coc- 
coid cells show a row of lightly stained granules about 
the inner edge of the cell wall, resulting in a dough- 
nut-like appearance. Later, these coccus forms dis- 
integrate and only an occasional rod may be found 


intact. It is probable, though not proved, that the 
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rods are the cells that remain viable in the above 
conditions. In cultures of nutrient agar flooded with 
sterile milk and placed in the 12°C incubator, the cells 
are mainly rods at the end of 4 months. I have not 
observed this morphological change in other members 
of the genus Erwinia. 

It is not only in agar cultures that the pathogen 


loses its viability, but in the plant itself when it dies 


and the tissues become dry. Various attempts have 
been made by the writer to recover E. trae heiphila 
from infected stems that have dried in the laboratory 
for 1-3 months. Portions of 2-day-old dried stems 
inserted into the petioles of young cucumber leaves 
cause a wilting. One-month-old stems caused a wilt 
only occasionally but 3-month-old stems caused no in- 
fection. Attempts to isolate the pathogen directly 
from old dried stems have been unsuccessful. Many 
bacterial plant pathogens. on the other hand, remain 
viable for long periods when associated with the host 
tissue. This is especially true when they are on or in 
the seed. Smith said that FE. tracheiphila is one of 
the most sensitive to drying of any bacterial plant 
pathogen*he tested. This fact is possibly one of the 
factors causing the death of the pathogen in dried 
tissue. The pathogen does not go into the coccoid 
form in the plant. as it does on agar. 

The fact that the cucumber wilt pathogen remains 
viable over winter in the cucumber beetles (2) but 
not in plant tissue, indicates that it is more at home 
in the beetle than in the plant. and this fact might 
point to its possible origin. From the intestines of a 
beetle larva, Steinhaus (4) isolated a bacterium that 
he referred to as Achromobacter superficiale Bergey 
et al. a species not identical with FE. tracheiphila but 
having many similarities to the cucurbit pathogen. 
Furthermore, Rand and Enlows (2) were able to grow 
the cucumber pathogen in culture with other bacteria 


isolated from the cucumber beetle. These facts sug- 


gest that EF. tracheiphila is an insect parasite. One 
argument against the above theory is that the beetle 
remains alive and the plant does not, and these con- 
ditions might have something to do with the viability 
of the bacteria. 

Since E. tracheiphila varies from other members of 
the genus in its type of pathogenicity and in its 
physiology, the editors of Bergey's Manual of Deter- 
minative Bacteriology (1) have expressed doubt con- 
cerning its correct position in the Manual. Some of 
the physiological characteristics of E. tracheiphila 
that differ from the other members of Erwinia are its 
very delicate growth, no liquefaction of gelatin, no 
appreciable action on milk. nitrates not reduced, and 
inorganic nitrogen not utilized. The last two char- 
acteristics, however, are found in &. amylovora. In 
addition, the cucumber pathogen is a vascular patho- 
gen, which none of the other members of the genus 
are. It has been suggested that the pathogen be allo- 
cated to the genus Achromobacter. but this genus has 
few limiting characters and could accommodate most 
motile (peritrichous) or non-motile. gram-negative 
colorless reds. Placed in such a genus. the species 
probably would be shifted again. It appears best to 
leave it in Erwinia until it can be assigned somewhere 
with certainty.-Department of Plant Pathology. Cor- 
nell University, Ithaca, New York. 
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